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BIBLIOGRAPHY  OF  NORTH  AMERICAN  GEOLOCvY  FOR 

1912,  WITH  SUBJECT  INDEX. 


By  John  M.  Nicklbs. 


INTRODUCTION. 

The  bibliography  of  North  American  geology,  including  paleon- 
tology, petrology,  and  mineralogy,  for  the  year  1912,  follows  the  plan 
and  arrangement  of  its  immediate  predecessors,  the  bibliographies 
for  1906^7,  1908,  1909,  1910,  and  1911  (Bulletins  372,  409,  444,  495, 
and  524  of  the  U.  S.  Geological  Survey).  It  includes  publications 
bearing  on  the  geology  of  the  Continent  of  North  America  and  ad- 
joining islands,  also  Panama  and  the  Hawaiian  Islands.  Papers  by 
American  writers  on  the  geology  of  other  parts  of  the  world  are  not 
included.  Textbooks  and  papers  general  in  character  by  American 
authors  are  included;  those  by  foreign  authors  are  excluded  unless 
they  appear  in  American  publications. 

As  heretofore,  the  papers,  with  full  title  and  medium  of  publica- 
tion and  explanatory  note  when  the  title  is  not  fully  self-explanatory, 
are  listed  under  the  authors,  arranged  in  alphabetic  order.  The 
author  list  is  followed  by  an  index  to  the  literature  listed.  In  this 
index  the  entries  in  one  alphabet  are  of  three  kinds — first,  subject, 
with  various  subdivisions,  to  enable  the  specialist  to  ascertain  readily 
all  the  papers  bearing  on  a  particular  subject  or  area;  second,  titles 
of  papers,  many  of  them  abbreviated  or  inverted,  under  their  leading 
words;  and  third,  cross  references,  which  have  been  freely  used  to 
avoid  too  much  repetition.  The  subjects  have  been  printed  in  black- 
faced  type,  the  titles  of  papers  and  cross  references  in  ordinary  type. 
As  it  may  not  be  always  obvious  which  subject  he'adings  have  been 
adopted,  a  classified  scheme  of  those  used  iimnediately  precedes  the 
index. 

Miss  Isabel  P.  Evans  has  given  efficient  assistance  in  preparing  the 
material  for  the  preas. 

The  bibliography  of  North  American  geology  is  comprised  in  the 
following  bulletins  of  the  United  States  Geological  Survey :  No.  127 
(1732-1892) ;  Nos.  188  and  189  (1892-1900)  ;  No.  301  (1901-1905) ; 
No.  372  (1906-7) ;  No.  409  (1908) ;  No.  444  (1909) ;  No.  495  (1910) ; 
No.  524  (1911) ;  and  No.  545  (1912). 
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Economic  Geology,  vol.  7.     Lancaster,  Pa. 

Elisha  Mitchell  Scientific  Society :  Journal,  vol.  28,  nos.  1-3.     Chajiel  Hill,  N.  C. 

Engineering  Association  of  the  South :  Proceedings,  vol.  2;^,  nos.  1-4.  Nashville, 
Tenn. 

Engineering  and  Mining  Journal,  vols.  93,  94.    New  York. 
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bibliography  for  1911,  U.  S.  Geol.  Survey,  Bull.  524. 

Beede,  J.  W. 

61.  [Report  on  the  fossils  of  the  Ames  limestone  of  Harrison  County.  West 

Virginia] :  West  Virginia  Geol.  Survey,  Doddridge  and  Harrison 

counties,  pp.  254-255.,  1912. 

Gives  a  list  of  Carboniferous  fossils  identified  from  the  Ames  lime- 
stone. 

62.  Origin  of  the  sediments  and  coloring  matter  of  the  red  beds  of  Oklahoma  : 

Science,  new  ser.,  vol.,  35,  pp.  348-350,  March  1,  1912;  Abstract, 
Science,  new  ser.,  vol.  35,  p.  311,  February.  1912;  abstract  (with 
discussion  by  I.  C.  White)  :  Geol.  Soc.  America.  Bull.,  vol.  23,  no.  4, 
pp.  723-724,  December  17.  1912. 

Beekly,  A.  Ij. 

63.  The  Culbertson  lignite  field.  Valley  CJounty,  Montana :  IT.  S.  Geol.  Survey, 

Bull.  471,  pp.  31^-358,  3  pis.  (maps  and  sections),  1  fig.,  1912. 

Bell,  Robert  X. 

64.  Thirteenth  annual  report  of  the  mining  industry  of  Idaho  for  the  year 

1911.  135  pp..  must.  [1912]. 

Includf%  notes  on  the  occurrence  und  character  of  various  ore  iKKlies. 
Bell,  W.  A. 

65.  Joggins  Carboniferous  section  of  Nova  .Scotia :   Canada   Geol.   Survey, 

Sumni.  Rept.  1911.  pp.  328-333,  1912. 

Berkey,  Charles  P. 

66.  Prominent  structure  of  the  northern  margin  of  the  Highlands :  Abstract, 

New  York  Acad.  ScL,  Annals,  vol.  21.  p.  210,  1912. 

States    results   of    recent    studies    in    the   Moodna    Valley    of    south- 
eastern New  York. 

Berry,  Edward  W. 

67.  Geology  of  the  Virginia  Coastal  Plain;  Lower  Cretaceous:  Virginia  Geol. 

Survey,  Bull.  no.  4,  pp.  61-86.  3  pis..  1  fig.,  1912. 

68.  American  Triassic  Neocalamites:  Bot.  Gazette,  vol.  53.  no.  2,  pp.  174- 

180,  1  pi.,  1  fig..  February.  1912. 

Describes  Neocalamitea  knotcltoni  n.  sp.  from  the  Richmond  coal  field 
of  Virginia. 

69.  Notes  on  the  genus  Widdringtonites :  Torrey  Bot.  Club,  Bull.,  vol.  39, 

no.  7.  pp.  341-347.  2  pis.,  1  fig.,  July,  1912. 

70.  Contributions  to  the  Mesozoic  flora  of  the  Atlantic  Coastal  Plain;  VIII, 

Texas:  Torrey  Bot.  Club.  Bull.,  vol.  39.  no.  8.  pp.  387-^06,  3  pis., 
August,  1912. 

71.  Pleistocene  plants  from  the  Blue  Ridge  in  Virginia  :  Am.  Jour.  Sci..  4th 

ser.,  vol.,  :34,  pp.  218-223,  5  figs..  August.  1912. 

72.  The  age  of  the  plant-bearing  shales  of  the  Richmond  coal  field :  Am.  Jour. 

Sci.,  4th  ser..  vol.  34,  pp.  224-225.  August,  1912. 

73.  Notes  on   the  geological   history  of  the  walnuts  and   hickories:   Plant 

World,  vol.  15,  no.  10,  pp.  225-240.  4  figs..  October.  1012. 
The  physiography  and  giK)log>'  of  the  Coastal  Plain  province  of  Virginia. 
Lower  Cretaceous.     See  Clark  and  Miller,  no.  102. 
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Biolley,  Pablo. 

Informe    sobre   el    terremoto   de   Toro   Amarillo,    Grecia.     See   Aifaro, 

Mlcbaud,  and  BioUey,  no.  8. 
RefTistro  de  temblores,  1911.    See  Tristan  and  Biolley,  no.  1102. 
The  Sarchi  earthquake.  Costa  Rica.    See  Tristan  and  others,  no.  1103. 

Bircre,  Edward  A. 

74.  Report  of  the  director  of  the  Survey:  Wisconsin  Geol.  and  Nat.  Hist. 

Survey.  Eighth  Bienn.  Rept.,  1910-1912,  39  pp.,  1912. 

.\n  administrative  report  giving  a  review  of  the  operations  of  the 
survey. 

Bishop,  Watson  L. 

75.  RfobertJ  W[heelock]  Ells  [1845-1911] :  Nova  Scotlan  Inst.  Scl.,  Proo.  and 

Trans.,  vol.  13,  jit.  2,  pp.  xxv-xxvi.,  August  2(5,  lin2. 

filackwelder,  Eliot. 

76.  United  States  of  America:  Handbuch  der  Regionalen  Ueologie  (Stein- 

mann  and  Wilckens),  Bd.  S.  Abt.  2   (Heft  11).  258  pp.,  81  flga, 
Heidelberg,  1912. 

A  comprehensive  general  account  of  the  geology  of  the  United  States. 
Includes  sections  on  the  morphology  (physiographic  features),  stratig- 
raphy and  fonnntions,  outline  of  the  geologic  history,  the  orographic 
elements,  the  economic  geology,  and  summary  of  the  literature,  and  n 
list  of  the  formation  names  given  in  the  text. 

77.  The  old  erosion  surface  in  Idaho;  a  criticism :  Jour.  Geology,  vol.  20, 

no.  5,  pp.  410-414,  July-August,  1912. 

78.  The  (Jros  Ventre  slide,  an  active  earth  flow:  Geol.  Soc.  America.  Bull., 

vol.  23,  no.  4,  pp.  487-492,  5  pla,  2  figs.,  October  21.  1912.    Abstract : 
Geol.  Soc.  America,  Bull.,  vol.  23,  no.  4.  p.  739,  Deceml)er  17,  1912. 

Describes  a  landslide  in  western  Wyoming  south  of  YellowKtonc 
National  Park  characterized  by  continuous  slow  motion  for  several 
years. 

Blatchley,  Raymond  S. 

79.  Oil  investigations  in  Illinois:  Illinois  Acad.  Sci.,  Trnns.,  vol.  4,  pp.  85-07. 

0  pis.  (maps  and  sections),  1012. 

Includes  sections  In  different  parts  of  the  ntate. 

80.  The  structural  relations  of  the  oil  fields  of  Crawford  and  Lawrence  coun- 

ties,  Illinois:  Econ.  Geologj',  vol.  7,  no.  0,  pp.  574-582.  3  pis.  (map 
and  sections),  September.  1012. 

81.  The  Illinois  petroleum  fields:  Am.  Geog.  Soc.,  Bull.,  vol.  44,  no.  6,  pp. 

417-420,  map,  June,  1912. 

82.  Illinois  oil  industry,  its  history  and  development:  Min.  and  Eng.  World. 

vol.  36,  pp.  1203-1295,  1  fig..  June  22,  1912. 

83.  Structure  of  the  principal  oil  fields  of  Illinois:  Min.  and  Eng.  World, 

vol.  37,  pp.  109^1099.  1  fig.  (map),  December  14,  1012. 

Bleininsrer,  A.  V.,  Lines,  E.  F.,  and  Layman,  F.  E. 

Portland-cement  resources  of  Illinois:  Illinois  State  Geol.  Survey,  BulU 
no.  17,  121  pp.,  19  i<l8.,  1912. 

8172**— Bull.  545—13 2 
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Bd^ild,  O.  B. 

85.  Krystalform  og  tvlllingdannelser  has  kryolit,  perovskit,  og  boracit :  Med- 

delelser  om  Groenluud,  Bd.  50,  pp.  1-05.  2  pin.,  32  HgH..  1912;  Zeits. 
KrystaL,  Bd.  50,  H.  4-5,  pp.  340-429,  2  pis.,  32  figs.,  1912. 

Describes  the  crystalloKraphy  of  cryolite,  perovskite,  and  tK>racite. 

86.  lagttagelser  over  kryolitgriipi)en8  miueraier:  Meddelelser  om  Groenland, 

Bd.  50,  pp.  105-12?),  1  1)1..  0  figs.,  1912;  Zeits.  KrystaL,  Bd.  51.  H.  6. 
pp.  501-613,  1  pi..  6  figs.,  1912. 

Describes  minerals  bclooffing  to  the  cryolite  group. 

87.  De  stalaktitiske  mineraler  fra  Ivigtut :  Meddelelser  om  Groeuland,  Bd.  50, 

pp.  175-185,  1  pi.,  1912 ;  Zeits.  KrystaL,  Bd.  51,  H.  6,  pp.  614-623,  1 
pL,  1912. 

I><>scribes  stalactitic  minerals  from  Ivigtut,  (Greenland. 

88.  Ueber  die  Krystallform  des  Britholitlis:  Zeits.  KrystaL.  Bd.  50,  H.  4-5, 

pp.  430-436,  2  figs.,  1012. 

Describes  the  crystallography  of  britholito  from  Greenland. 

Bohm,  Job. 

89.  Literarische  Bemerkuug  fiber  Porocpstis  piuniformiH  C^ragiu:  CeutralbL 

Minenilogie,  no.  3,  pp.  86-87,  Februnrj'  1,  1012. 

A   note   stating   that   PtrocunUa  pruniformis   Cragin   from    the   Cre- 
taceous of  Texas  Is  a  synonym  for  Porocyntia  ylobularUi  (ilebel  sp. 

Boileau,  Jobu  W. 

90.  Coal  fields  of  soutb western  Penusylvania,  Wasbiiigtou,  aud  Greene  coun- 

ties.   00  i)p.,  maps  and  illustrations.     [Private  publication],  copy- 
right, 1007. 

Includes  an  account  of  the  stratigraphy  and  g(H>logic  structure. 

Booth,  William  M. 

The  Ontario  iron  mine,  New  York.    See  Taylor  and  Booth,  no.  1070. 

Bosworth,  T.  O. 

91.  Birth  of  an  island  near  the  coast  of  Trinidad :  Geol.  Mag.,  dec.  5,  vol.  9, 

no.  4,  pp.  150-163.  1  fig.  (map),  April,  1012. 

Boutwell,  John  Mason. 

92.  Geology  and  ore  deposits  of  the  Park  City  district,  Utah,  with  contribu- 

tions by  Lester  Hood  Woolsey:  U.  S.  Geol.  Survey,  Prof.  Paper 
77,  231  pp.,  44  pis.,  18  figs.,  1012. 

Bowen,  C.  F. 

93.  The  Baker  lignite  field,  Custer  County,  Montana:  U.  S.  Geol.  Survey. 

Bull.  471,  PI).  202-226,  2  pis.  (mai)  and  sections),  1012. 

Bowen,  N.  L. 

94.  The  comiKJsition  of  nephelite:  Am.  Jour.  ScL,  4th  ser.,  vol.  33,  pp.  40-54, 

1  fig.,  January,  1012. 

95.  The   binary    system;    NajAUSiiO,    (nephelite,    carnegieite)— CaAl,Si,0,») 

(anorthite)  :  Am.  Jour.  ScL.  4th  ser..  vol.  33.  pp.  551-573,  2  dia- 
grams.. June,  1012. 

96.  The  order  of  crystallization  in  igneous  rocks:  Jour.  Geology,  vol.  20, 

no.  5,  pp.  457^68,  6  figs..  July-August,  1012. 
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Bowie,  William. 
07.  Effect  of  topography  and  isostatic  compensation  uiion  the  Intensity  of 
gravity  (second  paper) :  U.  8.  Coast  and  Geodetic  Survey,  Special 
PubUcation  na  12.  28  pp.,  5  pis.  (in  pocket),  1912. 

98.  Some  relations  between  gravity  anomalies  and  the  geologic  formations 
in  the  United  States:  Am.  Jour.  Sci..  4th  ser.,  vol.  33,  pp.  237-240. 
March,  1912. 

90.  Some  relations  between  gravity  anomalies  and  the  geologic  formation  in 
the  United  States:  Abstract,  Science,  new  ser.,  vol.  35.  p.  320. 
February  23,  1912. 

100.  Some  results  of  the  Hay  ford  method  of  gravity  reduction :  Washington 

Acad.  Sci.,  Jour.,  vol.  2,  no.  21.  pp.  499-504,  December  19,  1912. 
Tlie  effect  of  topography  and  isostatic  compensation  upon  the  intensity 
of  gravity.     See  Hayford  and  Bowie,  no.  441. 

Bowles,  Oliver. 

101.  Crystallographlc  tables:  Science,  new  ser.,  vol.  35,  pp.  576-577,  April  12, 

1912. 

Bownocker,  J.  A. 

Geology  of  the  Columbus  quadrangle.    See  Stauffer  and  others,  no.  1025. 

Bradley,  W.  M. 

On  solid  solution  in  minerals;  II,  The  chemical  composition  of  analcite. 

See  Foote  and  Bradley,  no.  331. 
The  chemical  composition  of  nephelite.    See  Foote  and  Bradley,  no.  3S2. 
Pseudomorphs  after  stibnite  from  San  Luis  Potosi,  Mexico.     See  Ford 

and  Bradley,  no.  338. 


lOd.  An  early  discovery  of  fuller*s  earth  in  Arkansas:  Am.  Inst.  Min.  Eng., 
Bull.,  no.  67,  pp.  747-749,  July,  1912;  Trans.,  vol.  43,  pp.  520-522, 
1913. 

BTanson,  E.  B. 

103.  A  Mississippian  delta  (with  discussion  by  J.  M.  Clarke,  David  White, 

G.  W.  Stose,  Arthur  Keith,  E.  T.  Wherry,  and  H.  B.  KOmmel.  on 

pp.  744-746)  :  Geol.  Soc.  America,  Bull.,  vol.  23,  no.  3,  pp.  447-456, 

2  figs.,  September  25,  1912;  Abstract,  Science,  new  ser.,  vol.  35, 

p.  317,  February  23,  1912. 

Describes  Mississippian  deposits  in  northern  Virginia  and  presents 
an  interpretation  of  the  conditions  of  sedimentation. 

The  C^nozoic  liistory  of  the  Wind  River  Mountains,  Wyoming.    See  West- 
gate  and  Branson,  no.  1184. 

Breger,  Carpel  L. 

104.  Potash  in  the  United  States  and  foreign  countries :  Min.  and  Eng.  World, 

vol.  36,  pp.  297-298,  February  3,  1912. 

105.  Index  to  the  world's  current  oil  literature :  Min.  and  Kng.  World,  vol.  36, 

pp.  1310-1316,  June  22,  1912. 


,  W.  M. 

106.  Mineral  resources  of  the  Kenai  Peninsula  [Alaska] :  Min.  and  Sci.  Press, 
VOL  105,  p.  662,  November  23,  1912. 
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British  Columbia. 

Annual  report  of  the  minister  of  mines  for  the  year  ending  3l8t  Decem- 
ber, 1911,  being  an  account  of  mining  operations  for  gold,  coal,  etc., 
in  the  Province  of  British  Columbia.  Victoria,  B.  C,  1912.  See 
Ilobert.son,  no.  920. 

Brock,  Reginald  Walter. 

107.  Summary  report  of  the  Geological  Survey  Branch  of  the  Departm^it 

of  Mines  [of  Canada]  for  the  calendar  year  1911.    412  pp.,  11  pl& 
(Incl.  maps),  7  figs.    Ottawa,  1912. 

Outlines  the  admlDistrative  work  and  field  InTestigations  carried  on 
In  1911.     Includcfl  reports  by  members  of  the  staff. 

108.  Tin  and  topaz  in  New  Brunswick :  Mln.  Soc.  Nova  Scotia,  Jour.,  vol.  17, 

pp.  50-54,  1912. 

Brodie,  W.  S. 

109.  Some  effects  of  ice  action  near  Grand  Lake,  Cape  Breton :  Nova  Scotian 

Inst.  Sci.,  Proc.  and  Trans.,  vol.  12,  pt  3,  pp.  253-257,  1  fig..  March, 
1D12. 

Describes  low  ridges  roughly  paralleling  lake  shores  and  discussen 
the  mode  of  their  formation. 

Brooks,  Alfred  H. 

110.  Applied  geology:  Washington  Acad.  Scl.,  Jour.,  vol.  2,  no.  2,  pp.  19-^8, 

3  figs.,  January  10,  1912. 

Presidential    address    delivered    before    the    (Geological     Society    of 
Washington,  December  13,  1911. 

111.  Mineral  resources  of  Alaska  in  1911;  administrative  report:  U.  S.  Greol. 

Survey,  Bull.  520,  pp.  7-16,  1912. 

112.  The  mining  industry  [in  Alaska]  In  1911:  U.  S.  Geol.  Survey,  Bull.  520, 

pp.  17-44,  1  pi.  (map),  1912. 

113.  Railway  routes  from  the  Pacific  seaboard  to  Fairbanks  [Alaska] :  U.  S. 

Geol.  Sur>'ey,  Bull.  520,  pp.  45-88,  3  pis.  (maps),  1912. 

114.  Gold  deposits  near  Valdez   [Alaska] :  U.  S.  Geol.  Sur^^ey,  Bull.  520, 

pp.  108-130,  1  pi.  (map).  1912. 

Includes  notes   on   the  stratigraphy   and   geologic  structure   of   the 
region. 

Mineral  resources  of  the  United  States,  1911 :  Gold,  silver,  copper,  lead, 

and  zinc  in  Alaska.    See  no.  115. 
The  New  Madrid  earthquake:  Abstract.    See  Fuller,  no.  344. 

Brooks,  Alfred  H.,  and  others. 

115.  Mineral  resources  of  Alaska;  report  on  progress  of  investigations  in 

1911 :  U.  S.  Geol.  Survey,  Bull.  520.  360  pp.,  15  pis.  (chiefly  maps), 
1912. 

Brown,  Amos  P. 

116.  The  formation  of  ripple  marks,  tracks,  and  trails:  Acad.  Nat  Sci.  Phila- 

delphia. Proc.,  vol.  63.  pt.  3,  pp.  536-547,  2  pis.,  4  figs.,  1912. 

Brown,  Amos  P.,  and  Pilsbry,  H.  A. 

117.  Note  on  a  collection  of  fossils  from  Wilmington,  North  Carolina :  Acad. 

Nat  Sci.  PhUadelphia,  Proc.,  vol.  64,  pp.  152-153,  1  pL,  1912. 
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Brown,  Bamum. 
118.  A  discovery  in  the  fossil  fields  of  Mexico:  Am.  Mus.  Jour.,  vol.  12,  no.  5, 
pp.  177-180.  5  figs..  May,  1912. 

Describes  the  discovery  of  a  specimen  of  glyptodont  In  the  Ktate  of 
Jalisco,  Mexico. 

110.  The  osteology  of  the  manus  in  the  family  Trnchodontidic :  Am.  Mus. 
Nat  Hist.,  Bull.,  vol.  31,  pp.  105-108,  2  figs.,  1912. 

190.  A  crested  dinosaur  from  the  Edmonton  Cretaceous:  Am.  Mus.  Nat.  Hist, 
Bull.,  vol.  31,  pp.  131-13a  2  pl8.,  4  figs...  1912. 

Describes  Saurolophus  o8bomi  new  gen.  and  sp. 

121.  Brachyostracon,  a  new  genus  of  Qlyptodonts  from  Mexico:  Am.  Mus. 

Nat.  Hist..  Bull.,  vol.  31,  pp.  107-177,  0  pis.,  4  figs.,  1912. 

Browxiy  Thomas  A. 

122.  The  placer  mines  of  Summit  County,  Colorado,  and  geological  structure 

thereof :  Min.  Science,  vol.  65.  p.  171,  February  15,  1912. 

BmcOy  K.  L. 

123.  The  Swastika  gold  area :  Ontario,  Bur.  Mines,  Twenty-first  Ann.  Kept., 

vol.  21,  pt.  1,  pp.  250-265,  9  figs.,  1912. 

Dedcribes  the  geology  of  the  area,  pre-Cambrlan  rocks,  and  the  occur- 
ence of  gold. 

124.  Cripple  Creek  gold  area   [Ontario] :  Ontario.  Bur.  Mines,  Twenty-first 

Ann.  Kept,  vol.  21.  pt  1,  pp.  266-270.  2  figs.,  1912. 

Gives  notes  on  the  geology  of  the  area. 

Bryant,  J.  W. 

125.  A  new  copper  district:  Min.  Mag.,  vol.  7,  no.  6,  pp.  448-449,  2  figs., 

December,  1912. 

Includes  notes  on  the  geology  and  copper  ores  of  the  Klehini  Valley, 
British   Columbia. 

Buckmaxi,  S.  S. 

126.  A  method  of  removing  tests  from  fossils:  Am.  Jour.  Scl.,  4th  ser.,  vol.  33, 

pp.  59a-^94,  June,  1912. 

Buehler,  H.  A. 

Oxidation  of  sulphides  (second  paper).     See  Gottschalk  and  Buehler, 
no.  384. 

'Bugge,  Carl. 

127.  Petrographlsche  Resultate  der  2ten  Fram-Elxpedltlon :  Norwegian  Arctic 

Expedition  in  the  "  Fram  "  (Second),  Kept.,  no.  22.  3S  pp ,  9  pis., 

1  fig.  (published  by  Videnskabs-Selskabet  1  Kristiania).  1910. 

Describes  petrographic  characters  of  ifoieous  rocks  of  pre-Camhrian 
age  in  Ellesmere  I^nd. 

Borbank,  J.  E. 

128.  One  phase  of  mlcroseismic  motion:  Am.  Jour.  Sol.,  4th  ser.,  vol.  33, 

pp.  47(V473,  May,  1912. 

129.  Mlcroseisms  caused  by  frost  action:  Am.  Jour.  Sci.,  4th  Her.,  vol.  33, 

pp.  474-475.  May,  1912. 
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Burchard,  Ernest  F. 

180.  Granite,  marbles,  and  other  building  stones  of  the  South:   Manufac- 

turers Record,  vol.  61,  no.  7,  pt.  2,  pp.  59-60,  February  22,  1912. 

181.  Methods  of  preparation  of  sand  and  descriptions  of  deposits :  U.  S.  Geo]. 

Survey,  Mln.  Res.  V.  S.  1911.  pt.  2,  pp.  .596-622,  1912. 
138.  Stone  resources  east  of  Mississippi  River :  XJ.  S.  Geol.  Survey,  Mln.  Res. 
U.  S.  1911,  pt.  2.  pp.  782-831,  7  pis.  (maps),  1912. 
Mineral  resources  of  the  United  States,  1911 :  Iroi  ore,  pig  iron  and 
steel ;  manganese  and  manganiferons  ores :  cement  industry  in  the 
U.  S.  in  1911;  glass  sand,  other  sand,  and  gravel;  gypsum;  lime; 
stone:  fluorspar  and  cryolite.    See  no.  1127. 

Burckhardt,  Carlos. 

133.  ITaunes  jurassiques  et  cr^taciques  de  San  PMro  del  Gallo   [r^tnt  de 

Durango,  Mexico]  :  Mexico,  Inst.  Geol.,  Bol.,  no.  29,  260  pp.,  and 

atlas  Jot  46  pis.,  1912. 

Describes  the  stratigraphy  of  the  yidnity  of  San  Pedro  del  Gallo, 
State  of  Durango,  Mexico,  and .  gives  systematic  descriptions  of  the 
Jurassic  and  Cretaceous  fossils,  chiefly  Cephalopoda. 

Burling,  Lancaster  D. 

134.  A  key  to  basin-range  structure  in  the  Cricket  Range,  Utah.  Science, 

new  ser.,  vol.  36,  p.  240,  August  23,  1912. 

185.  [The  relations  of  the  Sherbrooke  formation  to  the  Ordovician  in  British 

Columbia  1  :  Washington  Acad.  Sci.,  Jour.,  vol.  2,  no.  14,  p.  357, 
August  19,  1912. 

186.  The  nomenclature  of  types :  Washington  Acad.  Sci.,  Jour.,  vol.  2,  no.  21, 

pp.  519-^20,  December  19,  1912. 

Burrows,  A.  Q. 

137.  The  Porcupine  gold  area  (second  report)  :  Ontario,  Bur.  Mines,  Twenty- 

first  Ann.  Kept.,  vol.  21,  pt.  1,  pp.  205-249,  37  figs.,  1912. 

Describes  the  geology  of  the  area,  pre-Cambrian  rocks,  and  the 
character  and  relations  of  the  gold-bearing  deposits. 

The  Porcupine  gold  area  of  northern  Ontario:  Canadian  Min.  Inst., 
Jour.,  vol.  14,  i)p.  203-206.  1912.  See  no.  175  of  the  bibliography 
for  1911,  U.  S.  Geol.  Survey,  Bull.  524,  p.  23. 

Bustamante,  M. 

138.  Observaciones  sobre  la  edad  relativa  de  dos  sistemas  de  vetas  que  se 

cortan;  consideraciones  sobre  la  formaci6n  de  los  s&ltos  y  ex- 
periencias  parn  j)roducir  en  losetas  grietas  que  simulan  i)erfecta- 
mente  los  saltos  que  se  observan  en  las  vetas:  Inst.  Mexlcano  de 
Minas  y  Metal.,  Informes  y  Memorias,  Afio  2,  no.  6,  pp.  222-230, 
1910-1011. 

Discusses  the  relative  age  of  two  intersecting  systems  of  veins  and 
experiments  made  In  elucidating  the  views  advanced. 

Butler,  B.  S. 

189.  The  Morenci-Metcalf  district  [Arizona] :  Min.  Science,  vol.  65,  p.  154, 

February  8,  1912. 
140.   Geological  classification  of  copper  deposits:  U.  S.  Qeol.  Survey,  Min. 
Kes.  U.  S.,  1911.  pt.  1,  pp.  257-262,  1912. 
Geology  and  mineralization  in  the  Tushar  Range.     See  Butler  and 

Gale,  no.  141. 
Mineral  resources  of  the  United  States,  1911 :  Copper.    See  no.  1127. 
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Butler,  B.  S.,  and  Oale,  H.  S. 

141.  Alunite;  a  newly  discovered  deposit  near  Marysvale,  Utah:  U.  S.  Oeol. 

Survey.  Bull.  511.  64  pp..  3  pis.,  1912;  abstract,  Washington  Acad. 
Scl.,  Jour.,  vol.  2.  no.  7,  p.  193.  April  4,  1912. 

Describes  the' occurrence,  extent,  and  geologic  relations  of  the  alu- 
nite vein,  the  geology  and  mineralization  of  the  Tusbar  Range,  in 
which  the  vein  is  found,  other  known  occurrences  of  alunite  In  the 
United  States,  and  some  foreign  deposits,  and  discusses  the  origin  of 
the  Marysvale  nlunite  deposit. 

Butler,  B.  S.,  and  Schaller,  W.  T. 

142.  Elnige  Mineral ien  von  Beaver  Co..  Utah :  Zeits.  Krystal..  Bd.  50.  H.  2. 

pp.  114-119,  1   flg.,   1912. 

Translation  of  a  paper  published  in  the  American  Jour,  of  Science. 
4th  ser.,  vol.  .32,  pp.  418-424.  December,  1011.  See  the  bibliography 
for  1911,  U.  8.  Geol.  Survey.  Bull.  524.  p.  23,  entry  179. 

Butler,  G.  Montague. 

143.  Recent  developments  in  geology :  Oolorndo  School  of  Mines  Mag.,  vol.  2, 

no.  5.  pp.  93-95,  115-117,  February.  1912. 

144.  Some  recent  developments  at  I^eadville  [Colorado] ;  a  I..eadvil]e  fissure 

vein :  Eeon.  Geology,  vol.  7,  no.  4.  pp.  315-323,  1  fig.,  June.  1912. 

Descril)e8  the  occurrence  and  character  of  the  vein  and  the  mineral- 
ization and  discusses  the  genesis  of  the  ores. 

145.  Some  recent  developments  at  I..eadville;  a  I^eadville  fissure  vein:  Colo- 

rado School  of  Mines.  Quart.,  vol.  8,  no.  1,  pp.  1-8,  1  fig.,  April.  1913 

146.  Some  recent  developments  in  geology :  Min.  Science,  vol.  65,  pp.  213-214, 

February  29,  1912. 

147.  The  gold  of  Newlin's  Gulch,  near  Denver,  Colorado;  preliminary  reiwrt 

upon   an   alluvial   deposit  api)arently  derived   from   an   ancient 
placer:  Mln.  Science,  vol.  65,  pp.  486-487,  2  figs..  June  0,  1912. 
Geology  and  ore  deposits  of  the  Alma  district.  Park  County.  Colorado. 
See  Pat  ton  and  others,  no.  834. 

Baits,  Charles. 

148.  New  d(»loniite  formations  in  Alabama :  Abstract.  WaHhin^ton  Acad.  Sci.. 

Jour.,  vol.  2,  no.  9,  p.  231.  Mny  4.  1012. 

CaimeSv  r>el^)rme  I). 

140.   Wheaton  district,  Yukon  Territory:  Canada  Geol.  Survey,  Mem.  no.  31, 
X.  153  pp.,  14  i)ls.,  10  figs.,  4  maps,  1912. 

Describes  the  general  physical  features  of  the  district,  the  general 
geology,  the  occurrence,  character,  and  lithology  of  formations  rang- 
ing in  age  from  Paleozoic  to  Quaternary,  the  geologic  structure  and 
history,  and  the  ore  deposits,  containing  gold,  silv4>r,  antimony,  and 
lead. 

150.  (Jeology  of  a  portion  of  the  Yukon-Alaska  boundary  between  Porcupine 

and  Yukon  rivers*  Canada  Geol.  Survey.  Sumni.  Rei»t..  1911,  pp.  17- 
33,  1  pi.  (map),  1912. 

151.  Quartz  mining  in  the  Klondike  district:  Canada  (Jeol.  Survey,  Summ. 

Kept.,  1911.  pp.  33-40,  1912. 

Includes  notes  on  the  occurrence,  character,  and  gold  content  of 
qusrtz  veins. 

155^   Some  suggested   new  physiographic   terms:   Am.   Jour.   Sci..  4th   ser., 
vol.  34,  pp.  75-87,  3  figs.,  July,  1912. 

Defines  the  terms  equiplanatlon.  drplanation,  and  applanation,  ex- 
plains their  purpose,  and  illustrates  their  use. 
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Caimes,  Deljorme  D. — Continued. 
153.  Differential  erosion  and  equiplanation  in  portions  of  Yukon  and  Alaska  : 

Geol.  Soc.  Anierlen,  Bull.,  vol.  23,  no.  3,  pp.  333-348,  4  pis.,  1  tig,, 

July  15,  1912;  Abstract,  Science,  new  ser.,  vol.  35,  p.  318,  Febru- 

uary  23,  1912. 
164.  Banded  slates  of  the  Grange  group:  Geol.  Soc.  America,  Bull.,  vol.  23, 

no.  3,  pp.  424-425,  September,  12,  1912. 

Describes  the  occurn>nce  and  character,  particularly  the  color  band- 
ing, of  the  Orange  beds  along  the  Alaaka-Yukon  international  boun- 
dary. 

155.  The  ore  and  coal-benrlng  formation  of  the  Yukon :  Canadian  Mln.  Jour., 

vol.  33,  pp.  407-408,  June  15,  1912. 
Canadian  tellurium-containing  ores:  Canadian  Mln.  Inst,  Jour.,  vol.  14, 
pp.  185-202,  2  pis.,  1  fig.,  1912.    See  no.  189  of  the  bibliography  for 

1911,  U.  S.  Geol.  Survey,  Bull.  524.  p.  24. 

y     California  State  Mining  Bureau. 

156.  Report  of  the  Board  of  Trustees  and  state  mineralogist  covering  the 

sixtieth  fiscal  year  ending  June  30,  1909,  and  sixty-first  fiscal  year 
ending  June  30,  1910.    29  pp.    Sacramento,  1910. 
An  admlnlBtratlve  report. 

Calvert,  W.  R. 

157.  Geology  of  certain  lignite  fields  in  eastern  Montana :  U.  S.  Geol.  Survey, 

Bull.  471,  pp.  187-201,  1  fig.  (map),  1912. 

158.  The  Livingston  and  Trail  Creek  coal  fields.  Park,  Gallatin,  and  Sweet- 

grass  counties,  Montana :  U.  S.  Geol.  Survey,  Bull.  471,  pp.  384- 
405,  1  pi.  (map),  1912. 

159.  The  electric  coal  field.  Park  County,  Montana :  U.  S.  Geol.  Survey,  Bull. 

471,  piJ.  406--i22,  1  pi.  (map).  1912. 

Cameron,  Frank  K.,  and  others. 

160.  A  preliminary  report  on  the  fertilizer  resources  of  the  United  States: 

IJ.  S.,  62d  Cong.,  2d  Sess.,  Sen.  Doc.  no.  190,  290  pp.,  19  pis.,  3  figs., 
1^  maps,  1912. 

Campbell,  Marius  R. 

161.  Contributions  to  economic  geology   (short  pai)ers  and  preliminary  re- 

ports). 1910;  Part  II.  Mineral  fuels-  U.  S.  Geol.  Surrey,  Bull.  471, 
663  pp.,  62  pis.,  15  figs.,  1912. 

Camsell,  Charles. 

162.  Fraser  Canyon  and  vicinity:  Canada  Geol.  Survey,  Summ.  Rept.,  1911, 

pp.  108-111,  1912. 

163.  Geology  of  a  portion  of  Llllooet  mining  division,  Yale  district,  British 

Olumbia :  Canada  Geol.  Survey,  Summ.  Rept,  1911,  pp.  111-115, 
1  pi.  (map),  1912. 

164.  Geology  of  Skagit  Valley,  Yale  District,  B.  C. :  Canada  Geol.  Survey, 

Summ.  Rept,  1911,  pp.  115-123,  1912. 

165.  Note  on  the  occurrence  of  diamonds  at  Tulameen  and  Scottle  Creek, 

near  Ashcroft,  B.  C. :  Canada   Geol.  Survey,   Summ.  Rept,  1011. 
pp.  123-124,  1912. 
The  mineral  resources  of  a  part  of  the  Yale  district,  B.  C. :  a  descrip- 
tive summary:   Canadian   MIu.   Inst,  Jor.r..  vol.  14,  pp.  590-611. 

1912.  See  no.  193  of  the  bibliography  for  1910.  U.  S.  Geol.  Survey, 
Bull.  495,  p.  25. 
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CMiada^  Department  of  Mines,  Mines  Branch. 

166.  Summary  report  of  the  Mines  branch  of  the  Department  of  Mines  for 

the  calendar  year  ending  December  SU  1911.  208  pp^  16  pis.,  6 
flgs^  1  map.    Ottawa,  1912. 

Canada,  Geological  Survey. 

167.  [Geological  map  of]  Province  of  Nora  8ootia«  Kings  Oonnty,  Hall  Har- 

bour sheet,  no.  99:  Canada,  GeoL  Snrv^,  Pub.  no.  1184.    Scale 

1  mile  to  1  inch.    1910. 

168.  [Geological  map  of]  ProTince  of  Nova  Scotia,  Hants  and  Kings  coun- 

ties, Kingsport  sheet  no.  84:  Canada,  GeoL  Survey,  Pub.  1138. 
Scale  1  mile  to  1  inch.    1911. 

169.  [Geological  map  of  Canada] :  Canada,  Geol.  Survey,  Pub.  no.  1084  (to 

accomi>any  publications  nos.  1085  and  1086).  Scale  1:6336000 
[1912.] 

Cantley,  Thomas. 

The  Wabana  iron  mines  of  the  Nova  Scotia  Steel  and  Coal  Company 
Ldmited:  Canadian  Mln.  Inst.,  Jour.,  vol  14,  pp.  274-298,  7  pis., 

2  flga,  1912.  See  no.  209  of  the  bibliography  for  1911,  U.  S.  Geol. 
Survey.  Bull.  524,  p.  25. 

Capi)s,  Stephen  R. 

170.  The  Bonnifield  region,  Alaska :  U.  S.  Geol.  Survey,  Bull.  501,  64  pp.,  8 

pis.  (incl.  maps),  3  figs.,  1912;  Abstract,  Washington  Acad.  Sci., 
Jour.,  vol.  2,  no.  13,  p.  320,  July  19,  1912. 

Describes  the  general  character  of  the  region,  the  occurreDcc,  char- 
acter, and  relations  of  Paleozoic,  Tertiary,  and  Quaternary  deposits,  and 
the  mineral  resources,  gold,  and  coal. 

171.  Gold  placers  of  the  Yentna  district  [Alaska] :  U.  S.  Geol.  Survey,  Bull. 

520,  pp.  174-200,  2  pis.  (maps),  1912. 

Includes  notes  on  the  stratigraphy  of  the  region. 

172.  Glaclation  of  the  Alaska  Range:  Jour.  Geology,  vol.  20.  no.  5,  pp.  415- 

437,  1  pi..  10  figs.,  July-August,  1912. 

Carman,  J.  Ernest. 

173.  A  grooved  and  striated  contact  plane  between  the  Nebraskan  and  Kan- 

san  drifts:  Abstract,  Science,  new  ser.,  vol.  35,  p.  316,  February 
23,  1912;  Abstract  (with  discussion  by  Frank  T^verett),  Geol.  Soc. 
America,  Bull.,  vol.  23,  no.  4,  pp.  735-736,  December  17,  1912. 

174.  The  Nebraskan  drift  of  the  Little  Sioux  Valley  in  northwest  Iowa :  Ab- 

stracts, Science,  new  ser.,  vol.  35,  p.  316,  February  23,  1912;  Gteol. 
Soc.  America,  Bull.,  vol.  23,  no.  4,  p.  735,  December  17,  1912. 

Case,  E.  0. 

175.  A  revision  of  the  Cotylosaurla  of  North  America.    122  pp.,  14  pis.,  52 

figs.  Washington,  D.  C,  published  by  the  Carnegie  Institution  of 
Washington  (Pub.  no.  145),  1911. 

176.  Ten  years'  progress  in  vertebrate  paleontology;  Paleozoic  Reptilia  and 

Amphibia:  Geol.  Soc.  America,  Bull.,  vol.  23.  no.  2,  pp.  200-204, 
June  1,  1912. 
The  Permo-CJarboniferous  of  northern  New  Mexico.     See  Wllliston  and 
Case,  no  1216. 

Case,  E.  C,  and  Wllliston,  S.  W. 

177.  A  description  of  the  skulls  of  Ditidectes  lentus  and  AnitnaMaurus  cari- 

Mitua:  Am.  Jour.  Sci.,  4th  ser.,  vol.  33,  pp.  339-348,  3  figs.,  April, 
1912, 
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Chad  wick,  George  Halcott. 

178.  Color  scheme  for  crystal  models  (abstract)  :  Oeol.  Soc.  America,  Bull., 

vol.  23,  no.  4,  p.  728,  December  17,  1912. 

Chamberlin,  Thomas  Chrowder. 

179.  The  bearings  of  radioactivity  on  geology:  Illinois  Acad.  Scl.,  Trans., 

vol.  4,  pp.  57-75,  1912. 

Chapman,  Temple. 

180.  The  Miami  zinc-lead  district,  Oklahoma :  Kng.  and  Min.  Jour.,  vol.  93, 

pp.  1140-1147,  June  8.  1912. 

Cirkel,  Fritz. 
18i.  The  Amherst  &:raphite  deposits  in  Quebec :  Min.  and  Eng.  World,  vol.  36, 
pp.  295-296.  February  3,  1912. 

Clapp,  Charles  H. 

182.  Southern  Vancouver  Island:  Canada  Geol.  Survey.  Mem.  no.  13,  208  pp., 

IS  pis..  3  flga,  geol.  map,  1912. 

Describes  the  physiography  and  general  geology,  the  occurrence, 
character,  and  relations  of  Carboniferous,  Jurassic,  Cretaceous,  and  Ter- 
tiary rocks,  and  the  mineral  resources,  chiefly  gold,  copper,  and  coal. 

183.  Geology  of  the  Nanaimo  sheet,  Nanaimo  coal  field,  Vancouver  Island, 

British  Columbia :  Canada   Geol.   Survey,  Summ.  Rept.  1911,  pp. 
91-105,  1  pi.  (map),  1912. 

184.  Notes  on  the  geology  of  the  Comox  and  Suqnash  coal  fields,  Vancouver 

Island :  Canada  Geol.  Sun'ey,  Summ.  Rept.,  1911,  pp.  105-107,  1912. 

Clapp,  Charles  II.,  and  Allan,  J.  A. 

185.  Southern  Vancouver  Island,  British  Columbia:  Canada  Geol.  Survey, 

Map  17A  (to  accompany  Mem.  no.  13),  1911.    Scale,  1 :  380,100. 

Clapp,  Frederick  G. 

186.  The  occurrence  of  oil  and  gas  deposits  associated  with  quaquaversal 

structure:  Econ.  Geology,  vol.  7,  no.  4,  pp.  364-381,  6  flgs.,  June 
1912. 

187.  Occurrence  of  petroleum  associated  with  faults  and  dikes:  Abstract, 

Geol.  Soc.  America.  Bull.,  vol.  23,  no.  4,  p.  728.  December  17,  1912. 
The  underground  waters  of  southwestern  Ohio.    See  Fuller  and  Clapp, 
no.  346. 

Clark,  Bruce  Ij. 

188.  The  Neocene  section  at  Kirker  Pass  on  the  north  side  of  Mount  Diablo : 

California.  Univ.,  Dept.  Geology,  Bull.,  vol.  7,  no.  4,  pp.  47-60,  1  pL, 
(map),  October  10,  1912. 

Clark,  George  Archibald. 

189.  The  Katma!  eruption:  Seism.  Soc.  America,  Bull.,  vol.  2.  no.  4,  pp.  226- 

229,  2  pis.,  December,  1912. 

InclndeR  data  on  the  eruption  of  Katmai  volcano  in  the  vicinity 
of  Kadiak  Island,  Alaska,  in  June,  1912. 

Clark,  Hubert  Lyman. 

190.  Fossil  holothurians:  Science,  new  ser.,  vol.  35,  pp.  274-278,  February 

16,  1912. 

PresentR  considerations  to  show  that  the  Cambrian  fossils  from 
British  Columbia  described  by  Walcott  as  holotharlans  can  not  be 
classed  as  holothurians  or  echinoderms. 
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Clark,  William  Bullock. 
191.  Bepart  of  tbe  Maryland  Geological  Surrey:  Johns  Hopkins  Uni?.  Cir- 
cular, 1912»  na  1,  ppw  9^100,  1912. 
Tbe  physiography  of  the  Ooastal  Plain  of  North  Carolina.    See  Clark 

and  others,  no.  193. 
The  correlation  of  the  Coastal  Plain  formations  of  North  Carolina. 
See  Clark  and  others,  no.  193. 

■ 

Clark,  William  Bnllock,  and  Miller,  Benjamin  Le  Boy. 

92.  The  physiography  and  geology  of  the  Coastal  Plain  province  of  Vir- 
ginia, with  chapters  on  the  Lower  Cretaceous,  by  Edward  W. 
Berry,  and  the  economic  geology,  by  Thomas  Leonard  Watson: 
Virginia  Geol.  Survey.  Bull.  no.  4,  pp.  13-222.  16  pis..  1  fig.,  1912. 

Clark,  William  Bnllock.  and  others. 

193.  The  Coastal  Plain  of  North  Carolina :  North  Carolina  Geol.  and  Econ. 

Survey,  vol.  3,  552  pp.,  42  pis.,  21  figs..  2  geol.  maps.  1912. 

Includes  tbe  following  sections : 

The  physiography  of  the  Coastal  Plain  of  North  Carolina,  by  Wil- 
liam Bullock  Clark,  pp.  23-83. 

The  stratigraphy  of  the  Coastal  Plain  of  North  Carolina,  by  William 
Bullock  Clark,  B.  L.  Miller,  and  L.  W.  Stephenson,  pp.  34-44. 

Bibliography,  by  B.  L.  Miller  and  L.  W.  Stephenson,  pp.  44-73. 

The  Cretaceous  formations,  by  L.  W.  Stephenson,  pp.  73-171. 

The  Tertiary  formations,  by  Benjamin  L.  Miller,  pp.  171-258. 

Lafayette  formations,  by  L.  W.  Stephenson,  pp.  258-266. 

Quaternary  formations,  by  L.  W.  Stephenson,  pp.  266-290. 

The  geological  history  of  the  Coastal  Plain  of  North  Carolina,  by 
William  Bullock  Clark.  Benjamin  L.  Miller,  and  L.  W.  Stephenson,  pp. 
291-303. 

The  correlation  of  the  Coastal  Plain  formations  of  North  Carolina, 
by  William  Bullock  Clark,  pp.  804-330. 

Water  resources  of  the  Coastal  Plain  of  North  Carolina,  by  L.  W. 
Stephenson  and  B.  L.  Johnson,  pp.  333-483. 

The  quality  of  some  waters  of  the  Coastal  Plain  of  North  Carolina, 
by  Horatio  N.  Parker,  pp.  484-509. 

Clark,  R.  W. 

194.  Heat  conductivity  of  crystals:  Science,  new  ser..  vol.  36,  p.  415.  Sep- 

tember 27,  1912. 

Clarke,  Frank  Wigglesworth. 

105.  Some  geochemical  statistics:  Am.  Philos.  Soc..  Proc.,  vol.  51,  pp.  214- 
234.  July,  191 2. 

Discusses  the  average  composition  of  Igneous  and  sedimentary  rocks 
and  the  character  and  magnitude  of  marine  sodlmentation. 

196.  Some  geochemical  statistics :  Abstract,  Science,  new  ser.,  vol.  35.  p.  791, 

May  17,  1912. 

197.  An  aluminum  arsenate  from  Utah :  Washington  Acad.  Sci..  Jour.,  vol.  2, 

no.  21,  pp.  516-518,  December  19,  1912. 

Crlarke,  John  Mason. 

198.  Eighth  report  of  the  director  of  the  science  division,  including  the  65th 

report  of  the  State  Museum,  the  31st  report  of  the  State  geologist, 

and  the  report  of  the  State  paleontologist  for  1911 :  New  York  State 

Museum.  Bull.  158,  pp.  &-M,  8  pis..  1912. 

An  administrative  report,  but  includes  data  on  the  geology  %nd 
paleontology  of  New  York. 
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Clarke,  John  Mason — Continued. 

199.  Notes  on  the  geology  of  the  Gulf  of  St  Lawrenoe:  New  York  State 

Mus.,  Bull.  158,  pp.  111-126,  14  pis.,  5  figs.,  1912. 

Describes  the  phjsiofcraphy  and  geology  of  Entfy  Island,  one  of  the 
Magdalen  Islands,  in  the  Gulf  of  St.  Lawrence;  a  Silurian  section 
on  the  Bay  of  Chaleur;  and  an  nncomformity  at  Little  River  East, 
Gaspe  County,  Qaebec. 

200.  Barly  adaptation  in  the  feeding  habits  of  starfishes:  Acad.  Nat  ScL, 

Philadelphia,  Jour.,  2d  ser.,  toI.  15,  pp.  113-118,  3  pl&,  1912. 

Describes  the  association  on  slabs  of  Devonian  sandstone  near 
Saugerties,  N.  Y.,  of  starfish  with  Orammysia  and  Pterlnea  and  their 
probable  predatory  habits. 

A  Misslssippian  delta.    See  Branson,  no.  103. 

Clarke,  John  M.,  and  Buedemann,  Rudolf. 

201.  The  Eurypterida  of  New  York :  New  York  State  Mus.,  Mem.  14,  vol.  1 

(text).  489  pp.,  1  pi.,  121  figs.,  vol.  2  (plates),  pp.  441-628,  88  pis., 
1912. 

Cleland,  Herdman  F. 

202.  Twelfth  annual  intercollegiate  excursion  of  New  England :  Science,  new 

ser.,  vol.  36,  pp.  508-509,  October.  1912. 

Includes  notes  on  the  geology  of  the  region  from  Westfleld  to  Meri- 
den.  Conn. 

203.  The  New  £!ngland  geological  excursion:  Science,  new  ser.,  vol.  36,  pp. 

624-625,  Novepiber  8,  1912. 

Clem,  Harry  M. 

204.  liaboratory  work  In  physiography  In  the  Chicago  high  schools:  Jour. 

Geog.,  vol.  10,  no.  9,  pp.  290-295,  May,  1912. 

Clifford,  James  O. 

205.  Interesting  review  of  Ghino's  mines  and  methods :  Mines  and  Methods, 

vol.  3,  no.  12,  pp.  547-552,  3  figs.,  August,  1912. 

Includes  notes  on  the  local  geography  and  the  occurrence  and  char- 
acter of  the  copper  ores  at  Santa  Rita,  Qrant  County,  New  Mexico. 

206.  Ray   Consolidated   properties;    description   and   comment:   Mines   and 

Methods,  vol.  4,  no.  4,  pp.  83-89,  5  figs.,  December,  1912. 

Gives  notes  on  the  local  geology  and  the  character  and  occurrence 
of  copper  ores  at  Ray,  IHnal  County,  Arizona. 

Cockerell,  T.  D.  A. 

207.  Scudder's  work  on  fossil  insects:  Psyche,  vol.  IS.  no.  6.  pp.  181-186, 

December,  1911. 

208.  The   Miocene  fauna   of   Florissant,    Colorndo:  Abstract,   Intern.   Zool. 

Congr.,    Seventh,    Boston,    1907,    Proc.,    pp.    745-747,    Cambridge, 
U.  S.  A.,  1912. 

Describes  specimens  of  Insects  recently  found  In  the  Miocene  shales 
of  Florissant,  Colo. 

200.  Fossil  fruits  and  flowers,  II:  Torreya,  vol.  12,  no.  2,  pp.  32-33,  1  fig.. 

P^ebruary.   1912. 

Describes  Rohinia  we«ozica  n.  sp.,  from  the  Laramie  of  Whitely 
Peak,  Colo. 

210.  The  oldest  American  homopterous  insect:  Canadian  Entomologist,  vol. 
44.  no.  3,  pp.  93-95,  1  fig.,  March,  1912. 

Describes  Pctropteron  mirandutn  n.  gen.  and  n.  sp.  from  the  Pierre 
formation  at  Boulder,  Colo. 
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Cockerell,  T.  D.  A. — Continued. 
811.  A  fossil  Raphidla  [from  the  Miocene  shales  of  Florissant,  Oolo.] :  Bn- 
tomological  News,  vol.  23,  no.  5,  pp.  215-216,  1  fig..  May,  1912. 

212.  Fossil  cockroaches  from  Texas  (Orthop.) :  Entomological  News,  vol.  23, 

no.  5,  pp.  22S-229,  May,  1912. 

Gives  the  type  locality  from  which  Bitoblaitina  tewana  tmd  E,  (?) 
robusta  Sellards  were  obtained. 

Cockerell,  T.  D.  A.,  and  Henderson,  Junius. 

213.  Mollusca  from  the  Tertiary  strata  of  the  West:  Am.  Mus.  Nat.  Hist, 

Bull.,  vol.  31,  pp.  229-234.  2  pis.,  1912. 

Ck>irhUl,  Will  H. 

214.  A  i>eculiar  occurrence  of  silver   (discussion)  :  Econ.   Creology,  vol.  7, 

no.  8,  pp.  78^-785,  1  fig.,  December,  1912. 

Cole,  L.  H. 

215.  The  gypsum  and  sal.t  industries  of  central  and  western  Canada :  Canada, 

Dept  Mines,  Mines  Branch,  Summ.  Kept.,  1911,  pp.  108-116.  1912. 

Coleman,  A.  P. 

216.  Summary  report  on  the  Sudbury  nicisel  field:  Canada,  Dept.  Mines, 

Mines  Branch,  Summ.  Kept,  1911.  pp.  87-89,  1912. 

Collixis,  George  E. 

217.  Persistence  of  ore  io.  depth:  Mln.  and  Sci.  Press,  vol.  105,  pp.  409-^10, 

September  28,  1912. 

Collins,  W.  H. 

218.  Geology  of  Gnaping  sheet,  Ontario,  ix)rtlon  of  map  area  between  West 

Shiningtree  and  Gnaping  lakes :  C^anada  Geol.  Survey.  Summ.  Kept, 
1911,  pp.  244-252,  1  pi.  (map).  1912. 

CoUister,  M.  C. 

The  terranes  of  Albany.  Vermont,    See  Richardson  and  Col  lister,  no.  904. 

Comniission  Minitee  de  Chibougamau. 

Rapport  sur  la  g^logie  et  les  ressources  mlni^res  de  la  region  de 
Chibougamau,  Quebec:  Quebec  (Province).  Ministere  de  la  Colonisa- 
tion, des  Mines,  et  des  Pficheries,  Bureau  des  Mines.  243  pp..  73 
pis.,  19  figs..  2  geol.  maps.  1912.  See  Burlow  and  others,  no.  64  of 
the  bibliography  for  1911,  U.  S.  Geological  Survey.  Bull.  524,  p.  15. 

Condit,  D.  Dale. 

219.  The  petrographic  character  of  Ohio  sands  with  relation  to  their  origin : 

Jour.  Geology,  vol.  20,  no.  2,  pp.  152-l(i3,  February-March,  1912. 
2320.  The  sands  of  Ohio:  Abstract,  New  York  Acad.   Sci.,  Annals,  vol.  21, 
p.  210.  1912. 

Dlscusfies  the  diHtingulshing  of  sands  by  their  characteristics. 
Conneaticat  (Geological  and  Natural  History  Survey  Commission. 
221.  Fifth  biennial  report  of  the  commissioners  of  the  State  geological  and 
natural  history  survey  of  Connecticut.    12  i)p.    Hartford,  1912. 
An  administrative  report. 

Conner,  Eli  T. 

Mining  conditions  under  the  City  of  Scrantou.  Pa.  See  Griffith  and 
CJonner,  no.  404. 

Conway,  B.  F. 

The  terranes  of  Irasburg,  Vermont.  See  Richardson  and  Couwuy, 
no.  906. 
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Cook,  Chas.  W. 

The  salt  industry  of  Michigan;  Michigan  cement.  See  Allen  and 
others,  no.  13. 

Cook,  Harold  James. 

222.  A  new  genus  and  species  of  rhinoceros,  Epiaphelops  virgasectus,  from 

the  lower  Miocene  of  Nebraska :  Nebraska  Geo!.  Survey,  vol.  7, 
irnrt  3,  pp.  21-22.  1  pi.,  June,  1912. 

223.  A  new  species  of  rhinoceros,  Diceratherium  loomUi,  from  the  lower 

Miocene  of  Nebraska:  Nebraska  Geol.  Survey,  vol.  7,  part  4,  pp. 
29-32,  3  figs.,  August.  1912. 

224.  Faunal  lists  of  the  Tertiary  formations  of  Sioux  Ounty,  Nebraska : 

Nebraska  Geol.  Survey,  vol.  7,  part  5,  pp.  33-45,  August,  1912. 

Gives  lists  by  formatloos  of  the  fossil  Tertiary  mammals  found  In 
Sioux  County,  Nebr. 

225.  Notice  of  a  new  genus  of  rhinoceros  from  the  lower  Miocene:  Science, 

new  ser.,  vol.  35,  pp.  219-220,  February  9,  1912. 

Describes  Epiaphelopa  virgaaectus  n.  gen.  and  sp.  from  the  Miocene 
beds  of  western  Nebraska. 

Cooper,  H.  C. 

Die  optischen  Eigenschaften  einiger  Bleisilikate.    See  Kraus  and  others, 
no.  610. 
Cornish,  Vaughan. 

226.  On  the  cause  of  the  Jamaica  earthquake  of  January  14,  1907:  Greog. 

Jour.,  vol.  40,  no.  3.  pp.  299-303,  1  fig.  (map),  September,  1912. 

Coste,  Eugene. 

227.  Fallacies  in  the  theory  of  the  organic  origin  of  iietroleums  [with  dis- 

cussion by  various  writers] :  Inst.  Min.  and  Metall.,  Trans.,  vol.  21, 

pp.  91-192,  1912. 

« 

Cots,  Cesar. 

The  Sarchi  earthquake,  Ck)sta  Rica.    See  Tristan  and  others,  no.  1103. 

Coulter,  John  M. 

228.  The  history'  of  gymnosperms :  Pop.  Sci.  Monthly,  vol.  80,  no.  2,  pp.  197- 

203,  1  fig..  February,  1912. 

229.  The  relations  of  paleobotany  to  botany;  phylogeny  and  taxonomy:  Am. 

Nat.,  vol.  46,  pp.  215-225,  April,  1912;  Abstract,  Science,  new  ser., 
vol.  35,  pp.  148-149,  January  26,  1912. 

Cox,  G.  H. 

230.  New  type  of  Wisconsin  zinc  deposit :  Eng.  and  Min.  Jour.,  vol.  94,  pp. 

1040-1041,  1  flg.,  November  30,  1912. 

Cox,  Jennings  S..  jr. 

The  iron-ore  deposits  of  the  Moa  district,  Oriente  Province,  Island  of 
Cuba :  Am.  Inst.  Min.  Eng.,  Trans,,  vol.  42,  pp.  73-90,  1912.  See  no. 
285  of  the  bibliography  for  1911,  U.  S.  Geol.  Survey,  Bull  524. 

Cox,  N.  H. 

Roads  and  road  materials  of  Florida.    See  Sellards  and  others,  no.  964. 

Crandall,  Albert  R. 

231.  Coals  of  the  Licking  Valley  region  and  of  some  contiguous  territory. 

including  also  an  account  of  Elliott  County  and  its  dikes:  Ken- 
tucky Geol.  Survey,  Bull.  no.  10,  90  pp.,  17  pis.  (maps  and  sections), 
1910  [distributed  1912  or  1913]. 
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Crandall,  Albert  R..  and  Sullivan,  George  M. 

232.  Report  on  the  coal  field  adjacent  to  Pineville  Gap  iu  Bell  and  Knox 

counties:  Kentucky  Geol.  Survey,  Bull.  no.  14,  130  pp.,  15  pis. 
(maps),  84  figs.,  1912. 

Crane,  G.  W. 

233.  The  iron  ores  of  Missouri :  Missouri  Bur.  Geology  and  Mines.  2d  ser., 

vol.  10,  xvl,  434  pp.,  48  pis.,  29  flga     [1912]. 

Describes  the  kinds,  distribution,  mode  of  occurrence,  and  geolo^c 
relations  of  the  iron  ores  of  Missouri,  the  physiography  and  geology 
of  the  iron-bearing  region,  and  in  detail,  by  counties,  the  occurrence 
and  mining  developments. 

Crenshaw,  J.  L. 

The  sulphides  of  zinc,  cadmium,  and  mercury;  their  crystalline  forms 
and  genetic  conditions.    See  Allen  and  Crenshaw,  no.  11. 

The  mineral  sulphides  of  iron.  See  Allen,  Crenshaw,  and  Johnston, 
no.  12. 

CtooIl.  A.  R. 

234.  Geology  of  Sangamon  County   [Illinois].    24  pp.,  12  figs.    Springfield, 

111.,  Illinois  State  Journal  Co.,  1912. 

Reprinted  with  some  revision  from  Historical  Encyclopedia  of  Illi- 
nois, vol.  2,  pp.  814-822. 

Crosby,  W.  O. 

235.  Dynamic  relations  and  terminology  of  stratigraphlc  conformity  and  un- 

conformity: Jour.  Geology,  vol.  20,  no.  4,  i)i>.  289-290,  May-June, 
1912. 

Cross,  Whitman. 

236.  Alunite  deposits  of  Rosita  Hills,  Colorado:  U.  S.  Geol.  Survey,  Bull. 

511,  pp.  38-43.  1912. 

237.  Petrographic  description  [of  rocks  of  Apishapa  quadrangle,  Colorado] : 

V.  S.  Geol.  Survey,  Geol.  Atlas  U.  S.,  Apishapa  folio  (no.  186), 
pp.  9-10,  1912. 

238.  Petrological  abstracts  and  reviews:  Jour.  Geology,  vol.  20,  no.  4,  pp. 

362-372,  May-June,  1912. 

230.  Use  of  symbols  In  expressing  the  quantitative  classification  of  igneous 
rocks :  Jour.  Geology,  vol.  20,  no.  8,  pp.  758-762,  1912. 
Potash-bearing  rocks  of  the  Leucite  Hills,  Sweetwater  County,  Wyo- 
ming.   See  Schultz  and  Cross,  no.  957. 

Cross,  Whitman,  Iddings,  J.  P.,  Pirsson,  L.  V.,  Washington,  H.  S. 

240.  Modifications  of  the  quantitative  system  of  classification  of  igneous 

rocks:  Jour.  Geology,  vol.  20,  no.  6,  pp.  550-561.  1912. 

Calbertson,  Glenn. 

241.  Observations  having  for  their  object  the  approximate  determination 

of  the  time  required  for  the  erosion  of  Clifty  and  Butler  ravines 
in  Jefferson  County,  Indiana:  Indiana  Acad.  Scl.,  Proc.,  1911,  pp. 
169-170.  1912. 

242.  The  occurrence  of  hand  specimens  of  jointed  structure  in  the  New 

Albany  shale:  Indiana  Acad.  Sci.,  Proc.,  1911,  pp.  171-172,  1  pi., 
1912. 
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Cuxnlngrs,  Edgar  R. 
943.  Development  and  systematic  position  of  the  monticuliporoids :  Geo!.  Soc. 
America,  Bull.,  vol.  23,  no.  3.  pp.  357-370,  4  pis.,  July  29,  1912. 

244.  Geological  conditions  of  municipal  water  supply  in  the  driftless  area 

of  southern  Indiana:  Indiana  Acad.  Sci.,  Proc.  1911,  pp.  111-146, 
9  figs.,  1912. 

Cumingrs,  E.  R..  and  Galloway,  J.  J. 

245.  A  note  on  the  Batostomas  of  the  Richmond  series :  Indiana  Acad.  Sci., 

Proc.  1911,  pp.  147-167,  7  pis.,  1912. 

Cumin^s,  Willard  L.,  and  Miller,  Benjamin  L. 

Characteristics  and  origin  of  the  brown  iron  ores  of  Camaguey  and 
Moa,  Cuba :  Am.  Inst.  Min.  ESng.,  Trans.,  vol.  42,  pp.  116-137,  8 
figs.,  1912.  See  no.  292  of  the  bibliography  for  1911.  U.  S.  Geol. 
Survey,  Bull.  524. 

Gushing,  H.  P. 

246.  The  age  of  the  Cleveland  shale  of  Ohio :  Am.  Jour.  Sci.,  4th  ser..  vol.  33, 

pp.  581-584.  June,  1912. 

Cutler,  H.  C. 

247.  Como,  Nevada :  Min.  and  Sci.  Press,  vol.  104.  pp.  539-540.  2  figs.,  April 

13.  1912. 

Includes  notes  on  the  geology  of  the  Palmyra  mining  district. 

Dachnowski,  Alfred. 

248.  Peat  deposits  of  Ohio,  their  origin,  formation,  and  uses:  Ohio  Geol. 

Survey,  4th  ser..  Bull.  16,  424  pp.,  8  pis..  29  figs.,  1  map,  April,  1912. 

Dailey,  I.  M. 

249.  Report  of  the  eruption  of  Katmal  volcano:  Am.  Geog.  Soc,  Bull.,  vol. 

44.  no.  9,  pp.  641-644,  3  figs.,  September,  1912. 

Dale,  T.  Nelson. 

250.  The  commercial  marbles  of  western  Vermont :  U.  S.  Geol.  Survey,  Bull. 

521.  170  pp.,  17  pis.  (incl.  maps),  25  fig..  1912. 

251.  The  Ordovician  outlier  at  Hyde   Manor  in   Sudbury,   Vermont:   Am. 

Jour.  Sci.,  4th  ser.,  vol.  33,  pp.  97-102,  2  figs.,  February,  1912. 

Dall,  William  Healey. 

252.  The  MoUusk  fauna  of  northwest  America :  Acad.  Nat.  Sci.  Philadelphia, 

Jour.,  2d  ser.,  vol.  15,  pp.  241-248,  1912. 

Reviews   the    progress  of  knowledge   of   the   Mollusca   of   northwest 
America.     Includes  references  to  the  fossil  forms. 

258.  New  species  of  fossil  shells  from  Panama  and  CJosta  Rica,  collected  by 
D.  F.  MacDonald :  Smithsonian  Misc.  Coll.,  vol.  59,  no.  2,  10  pp., 
March  2,  1912. 

Daly,  Reginald  A. 

254.  Keconnaissance   of    the    Shuswap    lakes   and    vicinity    (south    central 

British  Columbia)  :  Canada  (ieol.  Survey,  Summ.  Rept.,  1911,  pp. 
165-174,  1912. 

255.  Pre-Canibrlan  formations  in  south  central  British  Columbia:  Abstract, 

Science,  new  ser..  vol.  35,  p.  311,  F'ebruary,  1912. 
256»  Pre-Cambrian  formations  in  south  central  British  Columbia :  Abstract, 
Geol.  Soc.  America,  Bull.,  vol.  23,  no.  4,  p.  721,  December  17,  1912, 
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Daly,  Rei^nald  A..  Miller,  W.  G.,  and  Bice,  George  S. 
3557.  Report  of  the  commission  appointed  to  investigate  Turtle  Mountain, 
Franlj,  Alberta :  Canada,  Geological  Survey.  Mem.  no.  27.  34  pp..  19 
pis..  11  figs..  2  maps,  1912. 

Includes  an  account  of  the  geologic  structure  of  the  mountain. 
Dana,  E.  S. 

258.  George  Jarvis  Brush    [1831-1912] :  Am.   Jour.   Sci.,  4th   ser..   vol.  as, 

pp.  389-396.  1  pi.  (port).  May,  1912. 

IncludeB  a  list  of  his  writings. 

Daniels,  Joseph. 

259.  The  Roslyn,  Washington,  coal  field:   Ck)al  Age,  vol.  1.  pi».  1004-1066, 

6  figs..  May  25,  1912. 

Daiton,  Nelson  Horatio. 

260.  Notes  on  sand  for  mine  flushing  in  the  Scranton  region  [Pennsylvania] : 

r.  S.  Bureau  Mines,  Bull.  25,  pp.  72-75.  1912. 

261.  Sandstone   pinnacles:  Geologische    Charakterhilder    (H.    Stille).    Heft    / 

11,  6  pis.  and  explanatory  text,  1912. 

Gives  reproductions  of  photographs,  with  descriptive  text,  of  erosion 
forms  In  western  Nebraska  and  Colorado. 

262.  Silica  and   lime  dei)ositlon:   Geologische  Charakterhilder    (H.   Stille). 

Heft  12,  6  pis.  and  explanatory  text.  1912. 

Gives  reproductions  of  photographs  taken  in  Yellowstone  National 
Park,  Mono  Lake.  Cal.,  and  Cataract  Canyon,  Ariz.,  illustrating  sinter 
deposits. 

963.  Some   features   in    the   Grand   Canyon   of   Ck>lorado    River:  Ahstract, 
Science,  new  ser.,  vol.  35.  p.  310,  Fehruary  23.  1912. 

264.  Some  features  in  the  Grand  Canyon  of  the  Colorado  River :  Ahstract, 

Geol.  Soc.  America.  Bull.,  vol.  23,  no.  4,  p.  721,  December  17,  1912. 

265.  Volcanic  action  in  the  Black  Hills  of  South  Dakota :  Science,  new  ser., 

vol.  36,  pp.  602-603,  November  1,  1912. 

Davis,  Charles  A. 

266.  Some  coastal  marshes  south  of  Cnpe  Cod:  Abstract.  Science,  new  ser., 
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1912. 

Davis,  X.  B. 

The  cliaracter  and  possible  origin  of  the  green  dolomites  of  New  On- 
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A  study  of  sand-lime  brick.    See  Parr  and  Ernest,  no.  831. 

Brans,  Creorge  Watkln. 

313.  The  coal  fields  of  King  County:  Washington  Geol.  Sun-ey,  Bull.  no.  3, 

247  pp.,  23  pis.  (incl.  geol.  map),  59  figs.,  1912. 

Fairchild,  Herman  L. 
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Navajo  (bounty.  Arizona,  July  19,  19? 2,  including  a  reference  to 
the  Perseid  swarm  of  meteors  visible  from  July  11  to  August  22: 
Am.  Jour.  Sci.,  4th  ser.,  vol.  34,  pp.  437-456, 17  flgs.,  November,  1912. 
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Fry.  William  H. 
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346.  The  underground  waters  of  southwestern  Ohio ;  with  a  discussion  of  the 
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A  general  review  of  the  occurrence  and  origin  of  nitrate  deposits. 
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3  figs.,  November,  1912. 

Garfias.  V.  R. 
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pp.  30-32,  1  pi.  (port).  March  14.  1912. 
Preface  to  "The  earthquakes  at  Yakutat  Bay.  Alaska,  in  September, 
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February  8.  1912. 
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372.  The   geology   of   Webster   County:  Kentucky    Geol.    Survey,    Rept   of 

Progress  for  1910  and  1911,  pp.  25-35,  1912. 
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407.  Ressources  mln^rales  des  £tats-Unis;  le  cuivre,  le  charbon,  et  le  fer: 
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Describes   the  character  and  occurrence   of  Miocene  beds  and  new 
species  of  Mollusca. 

411.  An  account  of  some  recent  geological  discoveries  in  the  West  Indies: 
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vol.  42,  pp.  409-435,  10  figs.,  1912.  See  no.  516  of  the  bibliography 
for  1911,  U.  S.  Geol.  Survey,  Bull.  524. 

Hore,  Reginald  E. 
493.  Decrease  of  values  in  ore  shoots  with  depth :  Canadian  Min.  Jour.,  vol. 
33,  pp.  260-263,  April  15,  1912. 

484.  Mines  and  ores  of  Porcupine  [Ontario] :  Eng.  and  Min.  Jour.,  vol.  93, 

pp.  891-895,  23  figs..  May  4,  1912. 

485.  The  copper-mining  industry  of  Michigan :  Min.  and  Eng.  World,  vol.  36, 

pp.  601-603,  656-658,  707-710,  763-767,  21  figs.,  March  16,  2.3,  and 
30,  April  6,  1912. 

496.  Origin  of  the  Sudbury  nickel  and  copper  deposits  [Ontario] :  Min.  and 

Eng.  World,  vol.  36,  pp.  1345-1349,  8  figs.,  June  29,  1912. 

497.  Silver  mining  at  Cobalt,  Ontario :  Min.  and  Scl.  Press,  vol.  105,  pp.  74- 

77,  8  figs.,  July  20,  1912. 
On  the  nature  of  some  Porcupine  gold  quartz  deposits :  Canadian  Min. 

Inst.,  Jour.,  vol.  14,  pp.  171-184,  14  pis.,  1912.     See  no.  518  of  the 

bibliography  for  1911,  U.  S.  Geol.  Survey.  Bull.  524,  p.  47. 
Geology  of  the  Cobalt  district,  Ontario,  Canada :  Am.  Inst.  Min.  Eng., 

Trans.,  vol.  42,  pp.  480-499,  12  figs.,  1912.     See  no.  520  of  the 

bibliography  for  1911,  U.  S.  (ieol.  Survey,  Bull.  524. 
The  silver  fields  of  Nipissing,   Ontario:  Canadian   Min.    Inst.,  Jour., 

vol.  14,  pp.  612-636,  13  pis.,  1912.     See  no.  521  of  the  bibliography 

for  1911,  U.  S.  Geol.  Survey,  Bull.  524,  p.  47. 
The  copper  industry  of  Michigan.    See  Allen  and  others,  no.  13. 

Homaday,  W.  D. 

498.  The  oil  fields  of  Texas  and  their  development:  Min.  and  Eng.  World, 

vol.  36,  pp.  1299-1300,  1  fig.,  June  22,  1912. 

499.  Importance  of  Mexico  as  a  petroleum  prmlucer:  Min.  and  Eng.  World, 

vol.  36,  pp.  1307-1309,  1  fig.,  June  22,  1912. 

500.  The  Santa  Maria  graphite  mines,  Mexico:  Min.  and  Eng.  World,  vol.  37. 

pp.  1041-1043,  1  fig.,  December  7,  1912. 

Hoskin,  Arthur  J. 

Geology  and  ore  deposits  of  the  Alma  district.  Parli  County,  Colorado. 
See  Patton  and  others,  no.  834. 

Hotchkiss,  W.  O.,  and  Thwaites,  F.  T. 

501.  Map  of  Wisconsin  showing  geology  and  roads,  1011.     Scale,  6  piiles 

equals  1  inch.    Wisconsin  Geol.  and  Nat.  Hist.  Survey  [1012 J. 

Includes  a  tabic  of  the  f;eologric  forma tioiiH  and  an  outline  of  tbe 
geologic  history  of  WisconHln. 

Hovey,  Edmund  Otis. 

502.  The  Geological  Society  of  America :  Science,  new  ser.,  vol.  35,  pp.  310- 

320,  February  23,  1912. 

Gives  an  account  of  the  twenty-fourth  annual  meeting  in  WashluK- 
ton,  D.  C,  December,  1912,  and  abstracts  of  papers  presented. 

508.  Proceedings  of  the  twenty-fourth  annual  meeting  of  the  Geological  So- 
ciety of  America,  held  at  Washington,  D.  C,  December  27.  2.S,  20, 
and  30,  1911 :  Geol.  Soc.  America,  Bull.,  vol.  23,  no.  1,  pp.  1-68, 
6  pis.,  March  14,  1912. 
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Hovey,  Edmund  Otis — Continued. 

504.  Abstracts  of  papers  presented  at  the  twenty-fourth  annual  meeting  of 

the  society,  but  not  published  in  full  in  the  preceding  pages  of  this 
volume,  together  with  discussions  of  papers  so  far  as  preserved: 
Geol.  Soc.  America,  Bull.,  vol.  23,  no.  4,  pp.  719-747,  December 
17,  1912. 

505.  Geological  sketch  of  the  Hudson  River  region  from  Newburgh  to  the 

sea:  The  geology,  fauna,  and  flora  of  the  lower  Hudson  Valley, 
prepared  by  the  American  Museum  of  Natural  History  and  the 
New  York  Botanical  Gardens  .  .  .  ,  pp.  3-19,  1  fig.  (map),  Sep- 
tember 8,  1912. 

506.  Cave  material  from  a  Mexican  mine:  Am.  Mus.  Jour.,  vol.  12,  no.  6, 

p.  218,  October,  1912. 

Gives  brief  notes  on  minerals  from  a  cave  near  Chihuahua,  Mexico. 

507.  New  accessions  of  meteorites  [in  the  American  Museum  of  Natural  His- 

tory] :  Am.  Mus.  Jour.,  vol.  12,  no.  7,  pp.  257-258,  November,  1912. 

508.  The  seismograph  at  the  American  Museum  [of  Natural  History,  New 

York] :  Am.  Mus.  Jour.,  vol.  12,  no.  8,  pp.  297-299,  3  figs.,  Decem- 
ber, 1912. 

509.  The  Kingston,  New  Mexico,  siderite:  New  York  Acad.  Scl.,  Annals,  vol. 

22,  pp.  33l>-337,  5  pis.,  December  27,  1912. 

Hovey,  Horace  Carter. 

510.  Hovey's  Handbook  of  the  Mammoth  Cave  of  Kentucky;  a  practical 

guide  to  the  regulation  routes,  with  maps  and  illustrations.  64  pp. 
Louisville,  Kentucky,  John  P.  Morton  &  Comi>any,  1909. 

511.  Mammoth  C^ve  of  Kentucky  (Hovey  and  Call) ;  with  an  account  of 

Colossal  Cavern.  Revised  edition,  131  pp.,  illus.  Louisville,  John 
P.  Morton  &  Company,  1912. 

512.  Bibliography  of  the  Mammoth  (^ave:  Abstract,  Geol.  Soc.  America,  Bull., 

vol.  23,  no.  4,  p.  747,  December  17,  1912. 

Howe,  C.  I). 

513.  Distribution  and  reproduction  of  the  forest  In  relation  to  underlying 

rcK'ks  and  soils :  Nova  Scotia,  Commission  of  Conservation,  Forest 

Conditions  of  Nova  Scotia,  pp.  43-93,  8  pis.,  Ottawa,  Canada,  1912. 

Includes  notes  on  the  character  and  distribution  of  the  rocks  and 
physical  features  of  Nova  Scotia. 

Howe,  Marshall  A. 

514.  lieef-building  and  land-forming  seaweeds:  Abstract,  Acad.   Nat   Sd. 

Philadelphia,  Proc.,  vol.  64,  pt.  1.  pp.  137-138,  1912. 

515.  The  building  of  "coral"  reefs:  Science,  new  ser.,  vol.  35,  pp.  837-842, 

May  31,  1912. 

Hubbard,  George  D. 

Geology  of  the  Columbus  quadrangle.     See  Stauffer  and  others,  no. 
1025. 

Hubbard,  L.  L. 

516.  Geological  notes  on  the  I^ke  Superior  copper  formation:  Lake  Superior 

Min.  Inst,  Proc,  vol.  17,  pp.  9-11,  1912. 

517.  In  the  Lake  Superior  area  what  influence,  if  any,  did  the  thickness  and 

contour  of  foot  wall  beds  have  uix)n  the  subsequent  deposition  and 
distribution  of  copper  In  overlying  beds?  (with  discussion) :  Lake 
Superior  Min.  Inst,  Proc.,  vol.  17,  pp.  227-237,  1912. 
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Hudson,  (3eorge  H. 

518.  Rill  channels  and  their  canse,  a  rook-surface  character  of  glacial  origin : 

Vermont,  State  Geologist,  Eighth  Kept.,  pp.  232-24(J.  10  pis.,  1912. 

519.  A  fossil  starfish  with  ambulacral  covering  plates:  Ottawa  Naturalist, 

vol.  26,  no.  2,  pp.  22-20,  3  pis.,  nos.  3-4,  pp.  45-52,  May,  June-July, 
1»12. 

Describes  Protopaltposter  narravayi  n.  gen.  and  n.  sp.  from  the 
Ordoviclan,  of  Ottawa,  Ontario. 

Huene,  Friedrlch  von. 
5S0.  Beitrftge  zur  Kenntnis  des  SchUdels  von  Eryops:   Anatomischer  An- 
zelger,.  Bd.  41,  no.  4,  pp.  9^104,  8  figs.,  1912. 

Describes  the  skull  of  Eryops  from  Permian  deposits  of  Texas. 
521.  Der  Unterkiefer  von  Diplocaulus:  Anatomischer  Anzeiger,  Bd.  42,  no. 
19,  pp.  472-475,  3  figs.,  1912. 

Describes  a  lower  Jaw  of  Diplocaulus  from  the  Permian  of  Baylor 
Coonty,  Texas. 

Hull,  Edward. 
52S.  Monograph  on  the  suboceanic  physiography  of  the  north  Atlantic  Ocean : 
with  a  chapter  on  the  suboceanic  physical  features  off  the  coast  of 
North  America  and  the  West  Indian  Islands,  by  Joseph  William 
Winthrop  Spencer.  41  pp.,  11  pis.  (maps).  Ixindon',  Edward 
Stanford.  1912. 

Huntinfirton,  Ellsworth. 

523.  William  Morris  Davis,  geographer:  Geog.  Soc.  Philadelphia,  Bull.,  vol. 

10,  no.  4,  pp.  26-^  (224-234),  1  pi.  (iwrtrait),  October,  1912. 

524.  The  Peninsula  of  Yucatan:  Am.  Geog.  Soc.,  Bull.,  vol.  44,  no.  11.  pp. 

801-822,  11  figs.,  November,  1912. 

Includes  notes  on  physiographic  features. 

HuBsakof  ,  L. 

525.  Notes  on  Devonic  fishes  from  Scaumenac  Bay,  Quebec:  New  York  Stnte 

Ma&,  Ball.  158,  pp.  127-139,  4  pis.,  5  figs..  1912. 
5536.  The  Cretaceous  chimseroids  of  North  America :  Am.  Mus.  Nat.  Illst, 
Bull.,  vol.  31,  pp.  195-228,  2  pla,  21  figs.,  1912. 

Huston*  George. 
527.  Prichard  formation  rocks  [Goeur  d'Alene  region,  Idaho  1 :  Min.  and  Rng. 
World,  vol.  36,  p.  305,  February  3,  1912. 

Gives  notes  on  the  local  geolo^  and  the  character,  occurrence,  and 
origin  of  the  ores. 

Hyde,  Jesse  R 
5588b  The  geological  history  of  Fairfield  Ck)unty,  Ohio.  Extract  from  History 
of  Fairfield  CJounty  and  representative  citizens,  by  Charlen  C. 
Miller,  pp.  203-223.  Chicago.  111..  Richmond-Arnold  Pub.  Co., 
April  15th,  1912. 
589.  An  occurrence  of  coal  [near  Somerset,  Perry  Co.,  Ohio]  which  bears  evi- 
dence of  unusual  conditions  accompanying  its  deposition:  Jour. 
Geology,  vol.  20,  no.  4,  pi).  316-330,  4  figs.,  May-June,  1912. 

BjneM,  DIbrell  P. 
580.  Notes  on  the  geology  of  the  Mlna  Mexico  vein :  Econ.  Geology,  vol.  7, 
no.  3,  pp.  280-286,  2  figs.,  April-May,  1912. 

Deflcribes  the  general  geology,  character,  and  epoch  of  metallization 
of  the  Mlna  Mexico  vein,  situated  in  the  Sahuaripa  district  of  Sonora, 
Mezica 
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Iddings,  J.  P. 

Modifications  of  the  quantitative  system  of  classification  of  igneous 
roclis.     See  Cross  and  others,  no.  240. 

Illinois  State  Geological  Survey. 

531.  Provisional  geologic  map  of  Illlnoia    Scale,  1 :  500,000.    1912. 

ContalnH  also  an   outline  of  the  geological   hintory  of  Illinois  and 
structure  sections. 

Ingall,  E.  D. 

532.  Bore-hole  records  (water,  oil,  etc.)  :  Canada  Geol.  Survey,  Summ.  Rept.. 

1911.  pp.  343-345,  1912. 

Iowa  Geological  Survey. 

533.  Mineral  production  in  Iowa  in  1909  and  1910:  Iowa  Geol.  Survey,  vol. 

21,  pp.  1-2S,  1912. 

Includes   notes  on  the  occurrence  of  various  products  and  a  log  of 
a  well  at  Conterville,  Iowa. 

Irving,  John  Duer. 

534.  Geological  diagnosis:  Econ.  Geology,  vol.  7,  no.  1,  pp.  83-86,  January, 

1912. 
Some  features  of  replacement  ore  bodies  and  the  criteria  by  which 
they  may  be  recognized:  Canadian  Mln.  Inst.,  Jour.,  vol.  14.  pp. 
395-471,  6  pis.,  35  figs.,  1912.     See  no.  549  of  the  bibUography  for 
1911,  i:.  S.  Geol.  Survey,  Bull.  524,  p.  50. 

Irwin,  D.  D. 

The   planetable   in   geologic   mapping    (discussion).     See  Pelton   and 
Irwin,  no.  840. 

Jackson,  Robert  Tracy. 

535.  riiylogeny  of  the  Echini,  with  a  revision  of  Paleozoic  species:  Boston 

Soc\  Nat.  Hist,,  Mem.,  vol.  7,  491  pp.,  76  pis..  258  figs.,  January,  1912. 
Jacobs.  E. 

536.  The  coal  fields  of  western  Cainada :  Coal  Age,  vol.  1,  pp.  968-969,  May 

4,  1912. 

Jaggar,  T.  A.,  jr. 

537.  Structure  of  esker  fans  experimentally  studied:  Abstract,  Geol.   Soc. 

America,  Hull.,  vol.  23,  no.  4,  p.  746,  December  17,  1912. 

538.  Succession   in   age  of  the  volcanoes  of   Hawaii:   Abstract,  Geol.   Soc. 

America,  Bull.,  vol.  23.  no.  4.  p.  747,  December  17,  1912. 

Jamison,  C.  E. 

539.  The  Douglas  oil  field.  Converse  County,  Wyo. :  the  Muddy  Creelt  oil 

field.  Carbon  (Vmnty.  Wyo. :  Wyoming,  State  (Geologist,  Ser.  B.  Bull. 
3,  50  pp..  S  pis.  (ind.  maps  and  secti<ms)  1912. 

540.  The  Salt  Creek  oil  field.  Natrona  County,  Wyoming:   Wyoming,  State 

(Jeologist.  Ser.  B,  Bull.  4,  75  pp.,  16  pis.,  1  map,  1912. 

Jarvis,  Koyal  P. 

541.  The  valley  and  mountain  iron  ores  of  east  Tennessee:  Tennessee  Geol. 

Survey,   The  Uesources  of  Tennesset*.   vol.  2.   no.   9,   pp.  326-366, 
0  figs..  September,  1912.     I  Also  published  as  Bulletin  2-C.] 
Iron  deposits  in  the  Tuckahoe  district  east  Tennessee.     See  Gordon 
and  Jarvis,  no.  383. 
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Jeffrey,  Edward  C. 

542.  The  history,  comparative  anatomy,  and  evolution  of  the  Araucarioxylon 

type:  Am.  Acad.  Arts  and  Sol.,  Proc.,  vol.  48.  no.  13,  pi).  531-571, 
8  pis.  November.  1912. 

543.  The  relations  of  paleobotany  to  botany;  morphology:  Am.  Naturalist, 

vol.  46,  pp.  225-238.  April,  1912;  Abstract,  Science,  new  ser.,  vol. 
35,  p.  149,  January  26,  1912. 

JennincTS,  E.  P. 

544.  A  titaniferous  iron-ore  deposit  in  Boulder  County,  Colorado:  Am.  Inst. 

Min.  Eng.,  Bull.  no.  70.  pp.  1045-1056,  8  figs.,  October,  1912. 

Johannsen,  Albert,  and  others. 

545.  Petrological  abstracts  and  reviews :  Jour.  Geology,  vol.  20,  no.  1,  pp.  80- 

90,  January-February.  1912. 

546.  Petrological  abstracts  and  reviews:  Jour.  Geology,  vol.  20,  no.  3,  inp. 

-270-280,  April-May,  1912. 

547.  Petrological  abstracts  and  reviews:  Jour.  Geology,  vol.  20,  no.  5,  pp. 

409^80,  July-August,  1912. 

Johazuisen,  O.  A.  ' 

548.  A  Tertiary  fungus  gnat:  Am.  Jour.  Sci.,  4th  ser.,  vol.  34,  p.  140.  1  flg., 

August,  1912. 

DoBcribes   Mjfcomya   cockerclli   n.    sp.    from    the    Miocene    Rbaleg    of 
Florissant,  Colo. 

Johnson,  Bertrand  L*. 

549.  Gold  deposits  of  the  Seward-Sunrise  region,  Kenai  Peninsula  [Alaska  1 : 

IT.  S.  Geol.  Survey.  Bull.  520,  pp.  131-173,  1  pi.  (map),  1912. 
Includes  notes  on  the  stratigraphy  of  the  region. 

Johnson,  Douglas  Wilson. 

550.  Fixity  de  la  cOte  atlantique  de  TAmerlque  du  Nord :  Annales  de  G(k)g- 

raphie,  t.  31,  pp.  193-212.  6  figs..  May  15,  1912. 

Discusses  evidences  offered  in  proof  of  recent  subsidence  of  the  Atlan- 
tic coast,  which  the  author  reisrards  as  stable  in  recent  times. 

551.  The  stability  of  the  Atlantic  coast:  Abstract.  Science,  new  ser.,  vol.  35, 

p.  318,  February  23, 1912.  Abstract  (with  discussion  by  C.  A.  Davis. 
J.  W.  Si)encer.  A.  O.  Lane,  H.  B.  Kilmmel)  :  Geol.  Soc.  America, 
Bull.,  vol.  23,  no.  4,  pp.  739-742,  December  17.  1912. 

552.  The  physical  history  of  the  Grand  Canyon  district:  Abstract.  Science, 

new  ser.,  vol.  35.  p.  199,  February  2.  1912. 

Johnson,  Jay  Eliot,  and  Tibby,  B.  F. 

553.  Field  classification  of  igneous  rocks:  Salt  I-.ake  Min.  Rev.,  vol.  13,  no. 

24,  pp.  17-19,  March  30,  1912. 

Johnson,  Roswell  H. 

554.  The  accumulation  of  oil  and  gas  in  sandstone :  Science,  new  ser.,  vol.  35 

pp.  458-450,  March  22,  1!)12. 

555.  The  necessity  for  a  theory  of  differential  cementing  in  i)rospe<*tlng  for 

oil  (discussion)  :  Econ.  (Jeologj-.  vol.  7,  no.  7,  pp.  708-70i).  Ot^tober- 
November,  1912. 

Johnston,  John. 

The  mineral  sulphides  of  iron.     See  Allen,  Crenslmw,  and  Johnston, 

no.  12. 
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Johnston,  Robert  A.  A. 

556.  [Report  of  thel   miueralogical  division:  Canada  Geol.  Survey,  Summ. 

Rept.  1911,  pp.  360-364,  1912. 

Johnston,  W.  A. 

557.  Geology  of  I^ke  Simcoe  area,  Ontario,  Brechin  and  Kirkfleld  sheets: 

Canada  Geol.  Survey,  Summ.  Rept.,  1911,  pp.  253-261,  1912. 

Jones,  J.  Claude. 

558.  The  occurrence  of  stibnite  at  Steamboat  Springs,  Nevada :  Science,  new 

ser.,  vol.  35,  pp.  775-776,  May  17,  1912, 

559.  The  origin  of  the  anhydrite  at  the  Ludwig  mine,  Lyon  County,  Nevada 

(discussion)  :  Econ.  Geology,  vol.  7,  no.  4,  pp.  400-402,  June,  1912. 

i 

Jones,  S.  C. 

560.  Soils  of  the  Hartford  quadrangle:  Kentucky  Geol.  Survey,  Bull.  no.  20. 

pp.  26-33,  1912. 

Joralemon,  Ira  B. 

561.  Geology  applied  to  mine  examination:  Eng.  and  Min.  Jour.,  vol.  94, 

pp.  247-249,  August  10,  1912. 

Katz,  F.  J. 

A  geologic  reconnaissance  of  the  Iliamna  region,  Alaska.     See  Martin 

and  Katz,  no.  721. 
Geology  arid  coal  fields  of  the  lower  Matanuska  Valley,  Alaska.     See 
Martin  and  Katz,  no.  722. 

Kay,  George  F. 

562.  Nineteenth  and  twentieth  annual  reports  of  the  State  geologist:  Iowa 

Geol.  S*urvey,  vol.  21,  pp.  ix-xvi,  1  pi.  (map),  1912. 

Kay,  Fred  H. 

563.  The  Carlinvllle  oil  and  gas  field:  Illinois  State  Geol.  Sun^ey,  Extract 

from  Bull.  20,  pp.  39-50,  3  pis.  (map  and  sections),  1912. 

Keele,  Joseph. 

564.  Notes  on  tests  of  clay  samples:  Canada  CJeol.  Survey,   Summ.  Rept, 

1911,  pp.  233-234,  1912. 

565.  Report  on  progress  of  investigation  of  clay  resources:  Canada  Geol. 

Survey,  Summ.  Rept.,  1911,  pp.  234-239,  1912. 

566.  Placer  gold  on  Meule  Creek,  Seigniory  of  Rigaud-Vaudreuil,  Quebec: 

Canada  Geol.  Survey,  Sunini.  Rept.,  1911,  pp.  303-308,  1912. 

567.  Clay  and  clay  industries  of  CJanada :  Applied  Science,  new  ser.,  vol.  7, 

no.  2,  pp.  39-49,  8  figs.,  December,  1012. 
Preliminary  re|K)rt  on  the  clay  and  shale  deposits  of  the  western  prov- 
inces.    See  Ries  and  Keele,  no.  916. 

Keith,  Arthur. 
568.  New  evidence  on  the  Taconic  question:  Abstracts,   Science,  new  ser., 
vol.  35,  p.  310,  February'  23,  1912;  Geol  Soc.  America,  Bull.,  voL 
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pp.  713-718,  2  pis.,  December  14,  1912. 

575.  A  chart  of  ore  deposition :  Min.  and  Sci.  Press,  vol.  104,  p.  763,  1  fig., 

June  1,  1912. 

576.  Trunk  channels  as  ore  localizers:   Eng.  and  Min.  Jour.,  vol.  94,  pp. 
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p.  92,  1912. 

Kindle^  Edward  M. 
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584.  Note  on  a  ripple-marked  limestone:  Ottawa  Naturalist,  vol.  26,  no.  9, 
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588.  On  the  stromatoporoids  and  Eozoon :  Annals  and  Mag.  Nat.  Hist..  8th 
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Knapp,  I.  N. 
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resources,  chieily  gypsum,  and  the  mining  developments. 

596.  Geology  of  the  Bemers  Bay  region,  Alaska :  Abstract,  Washington  Acad. 
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644.  An  intensive  study  of  the  water  resources  of  a  part  of  Owens  Valley, 

California:  U.  S.  Geol.  Survey,  Water-Supply  PaiKjr  21H,  135  j>p., 
30  pis.,  8  flgs.,  1912. 

Lee,  Montrose  Ij. 

645.  A  geological  study  of  the  Elisa  mine,  Sonora,  Mexico:  Econ.  Geology, 

vol.  7,  no.  4,  pp.  324-.339,  8  figs.,  June,  1912. 

Describes  the  {general  fjeology  of  the  area,  the  fault  system,  the  con- 
tact metamorphism,  and  the  minerallEation. 

Lee,  Willis  Thomas. 

646.  The  Tijeras  coal  field,  Bernalillo  County,  New  Mexico :  U.  S.  Geol.  Sur- 

vey, Bull.  471,  pp.  574-578,  1  pi.  (map),  1912. 

647.  Coal  fields  of  Grand  Mesa  and  the  West  Elk  Mountains,  Colorado :  U.  S. 

Geol.  Survey,  Bull.  510,  237  pp.,  21  pis.,  37  flgs.   (incl.  maps  and 

sections),  1912. 

DescribcH   the   stratigraphy   and  geologic   structure,    the   occurrence, 
character,  and  relations  of  the  coal  beds,  and  the  quality  of  the  coal. 

648.  Stratigraphy  of  the  coal  fields  of  northern  central  New  Mexico:  Geol. 

Soc.  America.  Bull.,  vol.  23,  no.  4,  pp.  571-686,  5  figs.,  November 
2(J,  1912. 

649.  Correlation  of  rocks  in  the  isolated  coal  fields  around  the  southern  end 

of  the  Rocky  Mountains  in  New  Mexico:  Abstract,  Science,  new 
ser..  vol.  35,  p.  311,  February,  1012. 

650.  Extinct  volcanoes  of  northeast  New  Mexico:  Am.  Forestry,  vol.  18,  no. 

6,  pp.  357-365,  7  figs.,  June.  1912. 

De^iorlbes  the  occurrence,  form,   relative  age,  and  other  features  of 
cones,  lava  fields,  and  other  remains  of  volcanic  activity. 
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Leith,  C.  K. 

651.  Use  of  geology  in  iron  ore  exploration:  Econ.  Geology,  vol.  7,  no.  7, 

pp.  662-675,  October-November.  1912. 

Iron-ore  reserves  of  Michigan.    See  no.  1127. 

Leith,  C.  K.,  and  Mead,  W.  J. 

652.  Metaniorpliic  studies:  Jour.  Geologj',  vol.  20,  no.  4,  pp.  35H-361,  May- 

June,  1912. 

Discusses  the  metamorphic  cycle. 

Origin  of  tlie  Iron  ores  of  central  and  northeastern  Cuba:  Am.  Inst. 
Min.  Eng.,  Trans.,  vol.  42,  pp.  90-102,  1  flg.,  1912.  See  no.  677  of  the 
bibliography  for  1911,  U.  S.  Geol.  Survey,  Bull.  524. 

Lenher,  Victor. 

653.  The  transportation  and  dei)ositi()n  of  gold  In  nature:   Vjcou.  (Seology, 

vol.  7,  no.  8,  pp.  744-750,  December,  1912. 

Leonard,  A.  G. 

654.  Description  of  the  Bismarck  quadrangle  [North  Dakotal :  W  S.  (Jeol. 

Survey,  Geol.  Atlas  U.  S.,  Bismarck  folio  (no.  181),  8  pp.,  2  pis. 
(maps),  1  fig.,  1912;  field  edition,  58  jip.,  2  folded  maps  (in  iKwket), 
1  fig.,  1912. 

Describes  the  topo^aphy,  the  character,  occurrence,  nnd  relations  of 
Cretaceous,  Tertiary,  and  Quaternary  formations,  the  Keologic  history, 
and  the  mineral  resources. 

LeBoy,  O.  E. 

655.  The  geology  and  ore  deposits  of  Phoenix,  Boundary  district,  British 

Columbia:  Canada,  (ieol.  Survey,  Mem.  no.  21,  110  pp.,  7  i)ls.,  18 
figs.,  2  maps,  1912. 

656.  Geology  of  Nelson  map  area  [West  Kootenay  district,  British  Colum- 

bia] :  Canada  Geol.  Survey,  Summ.  Kept.,  1911,  pi).  139-157,  1  pi. 
(map),  6  figs.,  1912. 

Lett,  Stephen  J. 

657.  Persistence  of  ore  in  depth:  Mln.  and  Scl.  I^ress,  vol.  105,  iii*.  801-802, 

December  21,  1912. 

Leverett,  Frank. 

658.  Surface  geology  and  agricultural  conditions  of  the  southern  iieninsula 

of  Michigan:  Michigan  (Jeol.  and  Biol,  f^urvey.  Pub.  9,  (Jeol.  Ser.  7, 
144  pp.,  15  pis.  (Incl.  maps),  16  figs.,  1912. 

659.  Postglacial   erosion  and  oxidation    (discussion)  :    Geol.    Soc.   America, 

Bull.,  vol.  23,  p.  295,  June  1,  1912. 

660.  Glacial  investigations  In  Minnesota  In  1911 :  Abstract.  Science,  new  ser., 

vol.  35,  p.  315,  February  23,  1912;  Abstract  (with  discussion  by 
J.  B.  Tyrrell  and  Warren  Ui>ham),  Geol.  Soc.  America,  Bull.,  vol. 
23,  no.  4,  pp.  732-735,  December  17,  1912. 

Lewis,  J.  VoUiey. 
661-  Notes  on  the  paragenesls  of  the  zeolites:  Abstract,  Science,  new  ser.. 
vol.  35,  p.  313,  February  23,  1912;  Abstract   (with  discussion  by 
A.  C.  Lane  and  F.  R.  Van  Horn),  Geol.  Soc.  America,  Bull.,  vol.  23, 
no.  4,  p.  727,  December  17,  1912. 
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Lincoln,  Francis  Church. 

662.  Certain  natural  associations  of  gold  (discussion) :  Econ.  Geology,  vol.  7, 

no.  1,  pp.  87-88,  January,  1912. 

663.  Gold  deposits  of  Gibbonsville,  Idaho:  Min.  and  Sci.  Press,  vol.  105, 

pp.  47-49,  July  13,  1912. 

Lindeman,  E. 

664.  The  iron-ore  deposits  along  the  Central  Ontario  railway :  Canada,  Dept. 

Mines,  Mines  Branch,  Sunun.  Rept,  1911,  pp.  95-100,  1912. 

665.  Calabogie  iron-bearing  district   [Renfrew  County,  Ontario  1 :  Canada, 

Dept  Mines,  Mines  Branch,  Summ.  Rept,  1911,  pp.  101-103,  1912. 

666.  Magnetometric  survey  of  a  nickeliferous  pyrrhotite  deposit  in  the  Sud- 

bury district:  Canada,  Dept  Mines,  Mines  Branch,  Summ.  Rept, 
1911,  pp.  103-104,  map,  1912. 

lAndgrea,  Waldemar. 

667.  Geologic  introduction  to  The  mining  districts  of  the  western  United 

States,  by  James  M.  Hill :  U.  S.  Geol.  Survey,  Bull.  507,  pp.  5-43, 
1  fig.  (map),  1912. 

Discusses  the  geologic  distribution  and  relation  to  structural  condi- 
tions of  ore  deposits  in  Western  States.  ^ 

668.  The  nature  of  replacement:  Econ.  Geology,  vol.  7,  no.  6,  pp.  521-535, 

Sei)tember,  1912. 

669.  The  bonanza  of  National,  Nevada:  Abstract,  Washington  Acad.  Set, 

Jour.,  vol.  2,  no.  4,  pp.  107-108,  February  19,  1912. 
Mineral   resources  of  the  United  States,  1911:  Platinum  and  allied 
metala     See  no.  1127. 

Lines,  Edwin  F. 

670.  The  stratigraphy  of  Illinois  with   reference  to  Portland-cement   ma- 

terials: Illinois  State  Geol.  Survey,  Bull.  no.  17,  pp.  59-76,  1912. 

Portland-cement  resources  of  Illinois.     See  Bleininger  and  others,  no.  84. 

Linton,  Robert. 

671.  Geology  of  OcamiK)  district,  Mexico:  B2ng.  and  Min.  Jour.,  vor.  04,  pp. 

G53-(355,  3  flgs.,  October  5,  1912. 

Livingston,  D.  C. 

672.  Mining  methods  at  Nacozari,   Sonora,   Mexico:  Am.  Inst.  Min.   Eng., 

Bull.,  no.  69,  pp.  1009-1015,  2  figs.,  September,  1912. 

Gives  notes  on  the  character  and  occurrence  of  the  copper  ores. 

Locke,  Augustus. 

673.  The  geology  of  the  Tonopah  mining  district,  Nevada :  Am.  Inst.  Min. 

Eng.,  Bull.,  no.  62,  pp.  217-226,  4  figs.,  February,  1912;  Trans.,  vol. 
43,  pp.  157-166,  4  figs..  1913. 

674.  The  abnormal  temperatures  on  the  CJomstock  lode  (discussion)  :  Econ. 

Geology,  vol.  7,  no.  6,  pp.  5S3-587,  2  figs.,  September.  1912. 

675.  Tuolumne  Table  Mountain  [near  Jamestown,  Cal.] :  Min.  and  Sci.  Press, 

vol.  105,  p.  85,  July  20,  1012. 

Gives  a  section  showing  the  relations  of  the  bedded  vocks. 

676.  The  ore  deposits  of  Goldfield  [Nevada] :  Eng.  and  Mtn.  J^MOur.,  vol.  94,. 

pp.  797-802,  84a-«49,  7  figs,,  October  26  an<i  ^ovei»ljej:  2^  1912. 
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Lcmderback,  George  Davis. 

677.  Psendostratiflcution  in  Santa  Barbara  Ck>unty,  California:  California, 

Univ.,  Dept.  Geology,  Bull.,  vol.  7,  no.  2,  pp.  21-38,  4  i>l8..  May  25, 
1912. 

678.  Proceedings  of  the  twelfth  annual  meeting  of  the  Cordilleran  section 

of  the  Geological  Society  of  America,  held  at  Berkeley,  California, 
March  31  and  April  1, 1911 :  Geol.  Soc.  America,  Bull.,  vol.  23,  no.  1, 
pp.  e^76,  March  14.  1912. 

679.  Some  general  features  of  the  Miocene  of  the  southern  coast  range  region 

of  California :  Abstract,  Geol.  Soc.  America,  Bull.,  vol,  23,  no.  1, 
p.  72,  March  14,  1912. 

Iiouirlilin,  G.  F. 

680.  The  gabbros  and  associated  rocks  at  Preston,  Connecticut:  U.  S.  Geol. 

Surrey,  Bull.  492,  158  pp.,  14  pis.,  IS  figs.,  1012,  Abstract  (by 
C.  E.  Siebenthal),  Washington  Acad.  Sci.,  Jour.,  vol.  2,  no.  10,  pp. 
40^-410,  October  4,  1912. 

Iioairhlin,  G.  F.,  and  Goodspeed,  G.  E.,  Jr. 

681.  Recent  literature  on  economic  geology :   Ecou.  Geology,  vol.  7,  no.  1, 

pp.  96-109,  January,  1912. 

lioveman,  M.  H. 

682.  Geology  of  the  Miami  copi)er  mine  [near  Glol>e,  Arizona  1 :  Min.  and  Scl. 

Press,  vol.  105,  pp.  140-148,  1  flg.,  August  3,  1912. 

Iiowe,  K  N. 

683.  Examinatlcm  of  iron  ore  deposits  in  Marshall  and  Benton  counties: 

Mississippi  State  Geol.  Survey,  23  pi).,  1912. 

Lucas,  A.  F. 

684.  Geology  of  the  sulphur  and  suli)hur  oil  deix)sits  of  the  coastal  plain: 

Jour.  Ind.  and  Eng.  (.'hem.,  vol.  4,  no.  2,  pp.  140-143.  February, 
1912. 

685.  The  dome  theory  of  the  coastal  plain:  Science,  new  ser.,  vol.  35,  pp. 

961-964,  June  21,  1912. 

Lull,  Richard  Swann. 

686.  The  evolution  of  the  (3eratoi)8ia :  Intern.  Z<k)1.  Cougr.,  Seventh,  Boston, 

1907,  Proc.,  pp.  771-777,  1  fig.,  Cambridgo,  U.  S.  A.,  1912. 

687.  Ten  years'  progress  In  vertc4)rate  pale<*)ntoiogy ;  CrotactHMis  diuo.sjiurs; 

Geol.  Soc.  America,  Bull.,  vol.  23,  no.  2,  pp.  208-212,  June  1,  1912. 

688.  The  life  of  the  Connecticut  Trias :  Am.  Jour.  Sci.,  4th  ser„  vol.  33,  pp. 

397-^22,  5  figs..  May.  1912. 

Lupton,  Charles  T. 

689.  The  Deep  Creek  district  of  the  Vernal  coal  field,  Uinta  County,  Utah: 

U.  S.  Geol.  Survey,  Bull.  471,  pp.  r»71>-r»m,  1  pi.,  1  fig.  (maps),  1912. 

690.  The  Blacktail    (Tabby)    Mount^iin  coal   field,   Wasatch   County,   Utah: 

U.  S.  Geol.  Sur\-ey,  Bull.  471,  pp.  .''»l>r>-4)2S,  2  pis.  (map  and  sec- 
tions), 1912. 

691.  Notes  on  the  geology  of  the  San  Uafael  Swell.  Utah:  Washingt<m  Acad. 

Sci.,  Jour.,  vol.  2,  no.  7,  pp.  185-18S,  April  7,  1912. 

MeCallum,  A.  L. 

692.  Scheelite  in  Nova  Scotia:  Nova  Scotian  Inst.   Sci.,  Proc.  and  Trans., 

vol.  12,  pt.  3,  pp.  250-252,  March,  1912. 
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McCaskey,  H.  D. 

603.  Quicksilver:  U.  S.  GeoL  Survey,  Min.  Res.  U.  S.,  1911,  pt  1,  pp.  889- 

921,  1912. 
Mineral  resources  of  the  United  States,  1911 :  Metals  and  metallic  ores 
in  1910  and  1911;  gold  and  silver;  gold,  silver,  copper,  lead,  and 
zinc  in  the  Western  States  (mine  production)  ;  gold,  silver,  copper, 
lead,  and  zinc  in  the  Eastern  States  (mine  production)  ;  quick- 
silver.   See  no.  1127. 

McConnell,  R.  G. 

604.  Observatory   Inlet,   British  Columbia:    Canada   Geol.    Survey,    Summ. 

Rept.,  1911,  pp.  41-50,  2  pis.  (maps),  1912. 

Gives  notes  on  the  geology  and  the  mineral  resources  of  the  area  in 
the  vicinity  of  Observatory  Inlet. 

605.  Salmon  River  district:  Canada  Geol.  Survey,  Summ.  Rept.,  1911.  pp. 

50-56,  1  pi.  (map),  1912. 

Describes  the  general  geology  and  minerallxation  of  the  Salmon  River 
district,  British  Columbia. 

606.  Portland  Canal  district:  Canada  Geol.  Survey,  Summ.  Rept.,  1911,  pp. 

56-71,  1912. 

Describes  the  general  geology  and  the  mineral  deposits  of  the  Port- 
land Canal  mining  district,  British  Columbia. 

MacDonald,  Donald  F. 

607.  Heated  areas  in  Culebra  cut   [Panama  Canal  Zone] :  Canal  Record, 

vol.  5,  pp.  225-226,  March  6,  1912. 

Explains  the  heat  generated  in  certain  strata  as  due  to  the  oxidation 
of  pyrite. 

608.  Heating  of  local  areas  of  ground  in  Culebra  cut.  Canal  Zone:  Science, 

new  ser.,  vol.  35,  pp.  701-702,  May  3,  1912. 

600.  Ckml  deposits  on  the  Canal  Zone   [Panama] :   Canal  Record,   vol.   5. 

p.  ^5,  April  3,  1912. 

Gives  data  on  the  geology  of  the  Canal  Zone.  -  No  deposits  of  coal 
of  commercial  value  occur. 

700.  Geology  of  Culebra  cut  [Panama  Canal] :  Min.  and  Sci.  Press,  vol.  105, 

\),  726,  December  7,  1912. 

McDonald,  P.  B. 

701.  History  of  the  Cascade  iron  range  of  Michigan :  Min.  and  Eng.  World, 

vol.  37,  pp.  902-905,  4  tigs.,  November  16,  1912. 

MacDonald,  W.  T. 

702.  The  San  Juan  oil  field,  Utah:  Western  Eng..  vol.  1,  no.  1,  pp.  37-40, 

9  figs.,  April,  1912. 

Macdougal,  Daniel  Trembly. 

703.  Some   physical   and  biological   features  of  North  American   deserts: 

Scottish  Geog.  Mag.,  vol.  28,  no.  9.  pp.  449-450,  September,  1912. 

Mackenzie,  George  C. 

704.  The  magnetic  iron  sands  of  Natashkwan,  County  of  Saguenay,  Province 

of  Quebec:   Canada,  Dept.  Mines,  Mines  Branch,  49  pp.,  22  pis., 
3  maps,  9  figs.,  1912. 

McLaren,  Alex. 

705.  Gold  and  rare  metal  mining  near  Llano,  Texas:  Salt  Lake  Min.  Bev., 

vol.  14,  no.  3,  pp.  11-13,  2  figs..  May  15,  1912. 
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Xaclareiiy  Malcolm. 

706.  Persistence  of  ore  in  depth :  Mln.  and  Sci.  Press,  vol.  105,  pp.  5a4-r>35, 

4  figs.,  October  26,  1912. 

MacLean,  T.  A. 

707.  Notes  on  the  Porcupine  gold  region,  Ontario:  Min.  Soc,  Nova  Scotia, 

Jour.,  vol.  17,  pp.  82-93,  1912. 

Mclieish,  John« 

708.  Annual  report  on  the  mineral  production  of  Canada  during  the  calendar 

year  1910:  Canada,  Dept.  Mines,  Mines  Branch,  328  pp.,  1912. 

McMillan,  J.  6. 

709.  ReiJort  on  the  geology  of  the  area  along  the  T.  &.  N.  O.  Railway,  trial 

line  betwe<»n  (Jrowganda  and  Porcupine.     24  pp.,  4  pis.,  map.     To- 
ronto, printed  by  order  of  the  I-.eglslative  Assembly  of  Ontario, 
1912. 
McNair,  S.  S. 

710.  What  is  a  stratified  rock?:  Eng.  and  Min.  Jour.,  vol.  94,  p.  147,  July 

27, 1912. 

M&ddren,  A.  G. 

711.  The  Ruby  placer  district  [Alaska  1 :  U.  S.  Geol.  Survey,  Bull.  520,  pp. 

287-296,  1  pi.  (map),  1912. 

Gives  notes  on  the  stratigruphy  and  the  occurronco  of  placer  gold. 

712.  Geologic  investigations  along  the  Canada-Alaska  boundary :  U.  S.  Geol. 

Survey,  Bull.  520,  pp.  297^14,  1912. 

Madison,  U.  M. 

713.  The  water  supply  of  southwest  Texas.    24  i)p.,  iUus,     [Private  publica- 

tion.]    Copyright,  1912. 

Includes  notes  on  tbe  geology  and  the  underground  waters. 
Malloch,  G.  S. 

714.  Notes  on  the  Groundhog  coal  basin,  Skeena  district,  B.  C. :  Canadian 

Min.  Inst,  Trans.,  vol.  15,  pt.  1.  pp.  P  21-25,  1912. 

715.  Reconnaissance  on  the  upper  Skeena  River,  between  Ilazelton  and  the 

Groundhog  coal   field,    British   Columbia :    Canada    Geol.    Survey, 
Summ.  Rept.,  1911,  pp.  72-90,  1  pi.  (map),  1912. 

Mangrum,  A.  W.,  and  Neill,  N.  P. 

716.  Soil  survey  of  parts  uf  Si)eucer  and  Warrick,  and  Scott  counties:  Indi- 

ana, Dept.  Geology  and  Nat.  Res.,  30th  Ann.  Rept.,  pp.  335-381, 
2  pis.  (maps),  2  figs.,  1912. 

Mann,  Charles  J. 

Soil  survey  of  Greene  County.     See  Tharp  and  Mann,  no.  1074. 

Mansfield,  G.  R. 

The  Bannock  overthrust.     See  Richards  and  ^lansfield,  no.  903. 


I,  Herbert  W. 

717.  Soil  survey  of  Posey  County:   Indiana,  Dept.  Geolojry  and  Nat.  Res., 

36th  Ann.  Rept.,  pp.  aS2-407,  1  pi.  (map),  1  fig.,  1912. 

Martin,  Bruce. 

718.  Fauna  from  the  type  locality  of  the  Monterey  series  in  California  :  Cal- 

ifornia,  Univ.,   Dept.    (ieoloiOS    Bull.,   vol.   7.   no.   7,   pp.    143-150, 
December  4,  1912. 

Describes  the  beds  at  this  locality,  Klxen  lists  of  the  species  at  diflTer- 
oit  horlxons,  and  discuss4>s  the  correlation  with  other  exposures  of 
strata  supposed  to  be  of  the  same  age. 
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Martin,  D.  S. 

719.  [On  schemikite  and  winchellite,  two  new  varieties  of  minerals] :  Ab- 

stract, New  York  Acad.  Sci.,  Annals,  vol.  21,  pp.  189-190,  1912. 

Martin,  G.  C. 

720.  Mesozoic  stratigraphy  of  Alaska :  Abstract,  Geol.  Soc.  America,  Bull., 

vol.  23,  no.  4,  pp.  724-725,  December  17, 1912. 

Martin,  G.  G.,  and  Katz,  F.  J. 

721.  A  geologic  reconnaissance  of  the  Iliamna  region,  Alaska:  U.  S.  Greol. 

Survey,  Bull.  485,  138  pp.,  9  pis.,  20  figs.,  2  inserts,  1912 ;  Abstract, 
I  Washington  Acad.  Sci.,  Jour.,  vol.  2,  no.  9,  pp.  224-225,  May  4, 

.  1912. 

722.  Geology  and  coal  fields  of  the  lower  Matanuska  Valley,  Alaska:  U.  S. 

Geol.  Survey,  Bull.  500,  98  pp.,  19  pis.  (incl.  maps),  12  figs.,  1912; 
Abstract,  Washington  Acad.  Sci.,  Jour.  vol.  2,  no.  9,  pp.  225-226, 
May  4,  1912. 

Martin,  Lawrence. 

723.  Gletscheruntersuchungen  liings  der  Ktiste  von  Alaska :  Petermanns  Mitt., 

Jg.  58,  pp.  7S-81,  3  pis.,  1  map,  August,  1912. 
Describes  glaciers  along  the  coast  of  Alaska. 

The  earthquakes  at  Yakutat  Bay,  Alaska,  in  Septepiber,  1899.  See 
Tarr  and  Martin,  no.  1066. 

Glacial  deposits  of  the  continental  type  in  Alaska.  See  Tarr  and  Mar- 
tin, no.  1067. 

Maryland  Geologrical  and  Economic  Survey. 

724.  Guide  to  the  State  mineral  exhibit  Illustrating  the  mineral  resources 

and  industries,  geology,  and  modem  methods  of  road  construction 
Installed  by  the  Maryland  Geological  Survey  in  the  Old  Hall  of 
Delegates  at  Annapolis,  Md.    61  pp.,  illus.    Baltimore,  1912. 

Includes  various  Information  In  regard  to  the  geology  of  Maryland. 

Mather,  Kirtley  F. 

The  evidence  of  three  distinct  glacial  epochs  in  the  Pleistocene  history 
of  the  San  Juan  Mountains,  Colorado.  See  Atwood  and  Mather, 
no.  32. 

Matson,  G.  C. 

Mineral  resources  of  the  United  States,  1911 :  Mineral  waters.  See 
uo.  1127. 

Matteson,  W.  G. 

725.  Geologic  structure  of  silver  districts:  Miues  and  Minerals,  vol   32,  pp. 

3r>8-3(i0.  2  figs.,  January,  1012. 

726.  Minerals  common  to  silver  dei)osits:  Mines  and  Minerals,  vol.  32,  pp. 

438-440,  2  figs.,  February,  1912. 

727.  (ienesia  of  silver  deposits:  Mines  and  Minerals,  vol.  32,  pp.  504-506, 

March,  11)12. 

Matthes,  Francois  E. 

728.  Sketch  of  Yosemite  National  Park  and  an  account  of  the  origin  of  the 

Yoseniite  and  Hetch  Hetchy  valleys.  47  pp..  23  flga  U.  S.  Dept. 
of  the  Interior,  Office  of  the  Secretary,  Washington,  1912. 

729.  Undescribed  glaciers  of  Mt.  Rainier:  Abstract,  Washington  Acad.  Sci., 

Jour.,  vol.  2,  no.  12,  pp.  297-298,  June  19,  1912. 


BIBLIOOHAPHY  OF  NOBTH  AMERICAN  GEOLOGY,  1912.  69 

Xatthew,  G.  F. 
730.  Were  there  climatic  zones  In  Devonian  time?:  Roy.  Soc.  Canada,  Proc. 
and  Trans.,  3d  ser.,  vol.  5,  sec.  4,  pp.  125-153,  1912. 

Xatthew,  W.  D. 

781.  T«i  years'  progress  in  vertebrate  paleontology:   Camlvora  and  Ro- 

dentia:   Geol.  Soc.  America,  Bull.,  vol.  23,  no.  2,  pp.  181-187,  June 
1,  1912. 

782.  Tlie  new  four-toed  horse  skeleton:   Am.   Mua   Jour.,   vol.  12,   no.  5, 

p.  186,  1  flg.,  May,  1912. 

Gives  notes  upon  Eocene  horses. 

733.  New  dinosaurs  for  the  American  Museum :  Am.  Mus.  Jour.,  vol.  12,  no. 

6,  p.  219,  October,  1912. 

734.  The  ancestry  of  the  edentates  as  illustrated  by  the  skeleton  of  Hap- 

alops,  a  Tertiary  ancestor  of  the  ground  sloths:  Am.  Mus.  Jour., 
vol.  12,  no.  8,  pp.  30a-3aS,  2  figa.,  December,  1012. 

735.  Climate  and  evolution :  Abstract,  New  York  Acad.  Sci.,  Annals,  vol.  21, 

pp.  190-191,  1912. 

Discusses  the  geographic  distribution  of  animals  with  relation  to  the 
permanency  of  oceanic  basins  and  continental  areas. 

Mauiy,  Carlotta  Joaquina. 

736.  A  contribution  to  the  paleontology  of  Trinidad :  Acad.  Nat.  Sci.  Phila- 

delphia, Jour.,  2d  ser.,  vol.  15.  pp.  23-112,  9  pis.,  1912. 

Dlscasses  the  age  and  relations  of  Tertlury  faunas  and  the  correla- 
tion of  the  beds  in  which  thoy  are  found,  and  gives  systematic  descrip- 
tions of  new  species,  mainly  Mollusca. 

737.  A  contribution  to  the  paleontology  of  Trinidad:  Abstract,  Acad.  Nat 

Sci.  Philadelphia,  Proc.,  vol.  64,  pt.  1,  pp.  132-134,  1912. 

Mayniu^,  T.  Poole. 

738.  A  report  on  the  limestones  and  cement  materials  of  north  Georgia: 

Georgia  Geol.  Survey,  Bull.  no.  27,  293  pp.,  22  pis.,  G  figs.,  geol. 
map,  1912. 

Mead,  W.  J. 

739.  Some  geological  short-cuts:  Econ.  Geology,  vol.  7,  no.  2,  pp.  136-144, 

2  pis.,  February-March,  1912. 

Presents  methods  for  the  conversion  of  rock  analyses  into  terms  of 
minerals. 

Metamorphic  studies.    See  Leith  and  Mead,  no.  652. 

Xehl,  Maurice  O. 

740.  Pantylus  cardatus  CJope:  Jour.  Geology,  vol.  20,  no.  1,  pp.  21-27,  2  figs., 

1912. 

Describes  another  specimen  (skull)  of  this  species  from  the  Wichita 
division  of  the  Red  Beds  of  Baylor  County,  Texas. 

741.  Murwnosaurust  reedii  sp.   nov.   and   Tricleidusf   laramienMs   Knight, 

American  Jurassic  plesiosaurs:  Jour.  Geology,  vol.  20,  no.  4,  pp. 
344-352,  3  figs.,  May-June,  1912. 

KcizLEcr,  O.  C 

742.  Ground  water  in  Juab,  Millard,  and  Iron  counties,  Utah:  Abstract, 

Washington  Acad.  Sci.,  Jour.,  vol.  2,  no.  9,  p.  226,  May  4,  1912. 
748.  Geology  and  water  resources  of  Esti»ncia  Valley,  New  Mexico,  with  notes 
on  ground-water  conditions  in  adjacent  parts  of  central   New 
Mexico:  Abstract,  Washington  Acad.  Sci.,  Jour.,  vol.  2,  no.  9,  pp. 
226-227,  May  4, 1912. 
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Meinzer,  O.  E. — Continued. 

744.  The  development  of  a  typical  bolson  in  the  Southwest :  Abstract,  Wash- 

ington Acad.  Sci.,  Jour.,  vol.  2,  no.  14,  pp.  357-358,  August  19,  1912. 
Underground  water  resources  of  Iowa.    See  Norton  and  others,  no.  800. 

Merriam,  John  C. 

745.  The  fauna  of  Rancho  La  Brea;   Part  II,  Canldie:  California,  Univ., 

Mem.,  vol.  1.  no.  2,  pp.  215-272,  5  pis.,  43  flgs.,  1912. 

746.  Recent  discoveries  of  Camivora  in  the  Pleistocene  of  Rancho  I>a  Brea : 

California,  Univ.,  Dept.  Geology,  Bull.,  vol.  7,  no.  3,  pp.  39-46,  10 
figs.,  September  12,  1912. 

747.  Ten  years'  progress  hi  vertebrate  paleontology;  Marine  reptiles:  (5eol. 

Soc.  America,  Bull.,  vol.  23,  no.  2,  pp.  221-223.  June  1,  1912. 

Merrill,  F.  J.  H. 

748.  The  Spring  Valley  oil  field  in  southwestern  Wyoming:  Min.  and  Sci. 

Press,  vol.  104,  pp.  163-165,  2  figs.,  January  27,  1912. 

Merrill,  George  P. 

749.  A  second  meteoric  find  from  Scott  County,  Kansas:  IT.  S.  Nat.  Mus., 

Proc.,  vol.  42,  pp.  295-296,  1  pi.,  June  15,  1912. 

760.  A  recent  meteorite  fall  near  Holbrook,  Navajo  County,  Arizona :  Smith- 

sonian Misc.  Coll.,  vol.  60,  no.  9,  4  pp.,  November  21,  1912. 

761.  A  newly-found  meteoric  iron  from  Perryville,  Perry  County,  Missouri: 

U.  S.  Nat.  Mus.,  Proc.,  vol.  43,  pp.  595-597,  2  pis.,  December  31, 1912. 

Mertie,  J.  B.,  jr. 

(iold  placers  between  Woodchopper  and  Fourth  of  July  creeks,  upper 
Yukon  River.    See  Prindle  and  Mertle,  no.  869. 

Merwin,  H.  E. 

The  sulphides  of  zinc,  cadmium,  and  mercury;  their  crystalline  forms 
and  genetic  conditions;  microscoi)lc  study.  See  Allen  and  Cren- 
shaw, no.  11. 

Meuche,  A.  H. 

752.  The  development  of  the  copper  mines  of  Lake  Superior  and  their  geo- 

logical relations:  Michigan  Geol.  and  Biol.  Survey,  Pub.  6  (Geol. 
ser.  4),  vol.  2,  pp.  887-931,  8  figs.,  1911. 

Mexico,  Instituto  (}eol6^co. 

753.  Estaci6n  selsniol6gica  central ;  catftlogo  de  los  mlcrosefsmos  registrados 

durante  el  afio  de  1911:  Mexico,  Inst.  Geol.,  Parerg.,  t.  4.  no.  1, 

pp.  a3-85,  1912. 

GivcR  a  list  of  earthquake  shocks  and  microseisms  recorded  in  the 
seismoluj^ic  station  at  Tacubaya,  D.  F.,  Mexico. 

Michael,  Graham  J. 

Subject  index  of  the  bibliography  of  the  geology,  paleontology,  min- 
eralogy, i>etrologj'  and  mineral  resources  of  Oregon.  See  Hender- 
son and  Winstanley,  no.  445. 

Michaud,  Gustavo. 

754.  Nota  sobre  el  epicentro  del  terremoto  del  30  de  dlciembre  de  1888:  Costa 

Rica,  Centro  de  Estudlos  SIsniol6gicos,  Anales,  afio  1911,  pp.  9-15, 
5  flgs.,  1912. 

Gives  data  on  the  earthquake  in  Costa  Rica  of  December  30,  1888. 
Informe  sobre  el   terremoto  do  Toro  Amarillo,   Grecla.    See  Alfaro, 
-•'*''**'^ud,  and  BioUey,  no.  8. 
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Middleton,  Jefferson. 

755.  Clay  products  and  clay  In  the  South:  Manufacturers  Record,  vol.  61, 

no.  7,  pt.  2,  pp.  65-66,  February  22,  1912. 

Miller,  A.  M. 

756.  Coals  of  the  lower  measures  along  the  western  border  of  the  eastern 

coal  field:  Kentucky  G(H)I.  Survey,  Bui.  no.  12,  83  pp.,  7  pis.  (maps 
and  sections),  1910  [distributed  1912  or  1913]. 

Miller,  Benjamin  I^e  Roy. 

757.  The  mineral  pigments  of  Pennsylvania :  Pennsylvania  Topog.  and  Geol. 

Survey,  Rept.  no.  4,  101  pp..  29  pis.,  9  figs.,  1911. 

758.  Description  of  the  Choptank  quadrangle  [Maryland] :  U.  S.  Geol.  Sur- 

vey, Geol.  Atlas  U.  S.,  Choptank  folio  (no.  182),  8  pp.,  2  pis. 
(maps),  3  figs.,  1912;  field  edition,  64  pp.,  2  folded  maps  (in 
pocket),  3  figs.,  1912. 

Describes  the  topography,  th«  stratigraphy  (Tertiary  and  Quater- 
nary), the  geologic  history,  and  the  mineral  resources. 

759.  The  geology  of  the  graphite  deiwsits  of  Pennsylvania :  Bcon.  Geology, 

vol.  7,  no.  8,  pp.  762-777,  December,  1912. 

The  physiography  and  geology  of  the  Coastal  Plain  i)rovInce  of  Vir- 
ginia.   See  Clark  and  Miller,  no.  192. 

The  Coastal  Plain  of  North  Carolina ;  the  Tertiary  formations.  See 
Clark  and  others,  no.  193. 

Miller,  Benjamin  L.,  and  Stephenson,  L.  W. 

The  Coastal  Plain  of  North  Carolina :  Bibliography.  See  Clark  and 
others,  no.  193. 

Miller,  G.  W. 

760.  The  original  source  of  metalliferous  ores:  Min.  and  Eng.  World,  vol. 

36,  pp.  515-516,  March  2,  1912. 

761.  Two  phases  in  the  genesis  of  ore  dei)osit8:  Min.  and  Eng.  World,  vol. 

36,  pp.  1095-1097.  1151-1152.  May  25  and  June  1,  1912. 

Miller,  Loye  Holmes. 

762.  Contributions  to  avian  paleontolog>'  fnnn  the  Pacific  coast  of  North 

America :  California,  Univ.,  Dept.  Geologj-,  Bull.,  vol.  7,  no.  5, 
pp.  61-115,  October  12,  1912. 

Miller,  Wlllet  G 

Report  of  the  Commission  appointtnl  to  Investigate  Turtle  Mountain. 
JYank,  Alberta.     See  Daly  and  others,  no.  257. 

Miller,  Wlllet  G.,  and  others. 

763.  Reports  on  the  District  of  Patricia  recently  added  to  the  Province  of 

Ontario:  Ontario,  Bur.  Mines.  Kept.  1912,  vol.  21,  pt.  2,  216  pp., 

pis.,  figs.,  maps,  1912. 

A  general  account  of  the  District  of  Patricia,  including  geolof^lc  fea- 
ture. Elarller  reports  on  various  parts  of  the  area  by  Robert  Bell, 
D.  B.  Dowling,  Alfred  W.  (J.  Wilson,  Charles  Camsell,  A.  P.  Ia)w, 
William  Mclnnea,  W.  J.  Wilson,  and  Owen  O'Sulllvan  are  reproduced. 

Miller,  Wflliam  J. 

764.  The  garnet  deposits  of  Warren  County,  New  York :  Econ.  Geology,  vol. 

7,  no.  5,  pp.  493-501,  1  fig.,  August,  1912. 

765.  Contact  action  of  gabbro  on  granite  in  Warren  County,  New  York: 

Science,  new  ser..  vol.  36,  pp.  490-492,  October  11,  1912. 
Undergroimd  water  resources  of  Iowa.    See  Norton  and  others,  no.  800. 
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Milner,  W.  C. 

766.  History  of  albertite:  Min.  Soc.  Nova  Scotia,  Jour.,  vol.  17,  pp.  62-69, 

1912. 

Mississippi  Geolo^cal  Survey  Commission. 

767.  Third  biennial  reiwrt,  June  30,  1909-June  30,  1911.     14  pp.,  no  date 

[1911?!. 

An  administrative  report. 
Mitchell,  Guy  Elliott 

768.  Potash  deposits  in  America :  Cassier's  Mag.,  vol.  41,  no.  4,  pp.  291-301, 

14  flga,  April,  1912. 

Mofflt,  Fred  H. 

769.  Headwater  regions  of  Gulkana  and  Susltna  rivers,  Alaska,  with  ac- 

counts of  the  Valdez  Creek  and  Chistochina  placer  districts :  U.  S. 
Geol.  Survey,  Bull.  498,  82  pp.,  10  pis.,  9  flga,  1912;  Abstract, 
Washington  Acad.  Scl..  Jonr..  vol.  2,  no.  14,  pp.  34{>-350.  August  10, 
1912. 

770.  The  Taral  and  Bremner  River  districts:  U.  S.  Geol.  Survey,  Bull   520, 

pp.  95-104.  1  pi.  (map),  1912. 

Describes  the  stratigraphy  and  the  occurrence  and  character  of  gold 
and  copper  deposits. 

771.  The  Chitlna  copper  district   [Alaska  1 :  V.   S.  Geol.  Survey.  Bull.  520, 
,        pp.  105-107.  1912. 

Moodie,  Hoy  Lr. 

772.  The  lateral  line  system  in  extinct  Amphibia :  Jour.  Morpliology,  vol.  19, 

no.  2,  pp.  511-540,  17  figs..  October,  1908. 

773.  The  skuH  structure  of  Diplocaulus  inagnicomis  Coi)e  and  the  amphibian 

order  Diplocaulia :  Jour.  Morphology,  vol.  23,  no.  1,  pp.  31-39, 
March  20,  1912. 

774.  The  "  stomach  stones  **  of  reptiles :  Science,  new  ser.,  vol.  35,  pp.  377- 

378,  March  8,  1912. 

775.  The  Mnzon  Creek,  Illinois,  shales  and  their  amphibian  fauna:  Am.  Jour. 

Sci.,  4th  ser.,  vol.  .^.  pp.  277-2S5,  4  figs.,  September,  1912. 

776.  An  American  Jurassic  frog:  Am.  Jour.  Sci.,  4th  ser.,  vol.  34,  pp.  286- 

288,  September,  1912. 

Moore,  Charles  J. 

777.  Recent  developments  at  Leadville,  Colorado    (discussion)  :   Econ.   Ge- 

ology, vol.  7,  no.  G,  pp.  590-592,  September,  1912. 

Moore,  Elwood  S. 

778.  Siliceous  oolites  and  other  concretionary  structures  in  the  vicinity  of 

State  College,  Pennsylvania :  Jour.  Geology,  vol.  20,  no.  3.  pp.  259- 
269.  7  figs.,  April-May,  1912;  Abstract,  British  Assoc.  Adv.  Sci., 
Kept.  SI  St  Meeting,  p.  300,  1912. 

TVscrlbos   the    occurrence   and   geologic   relations   and   discusses   the 
origin  of  slllcoous  oolites. 

779.  Hydrothermal  alteration  of  granite  and  the  source  of  vein-quartz  at  the 

St.  Anthony  mine:  Econ.  (icology.  vol.  7,  no.  8,  pp.  751-701,  4  figs., 
DcetMubor.  1912. 

780.  The  pre-Cambrian  beds  of  northern  Ontario:  Abstract,  British  Assoc. 

Adv.  Sci.,  Kept.  81st  Meeting,  pp.  390-392,  1912. 
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jKorris,  H.  0. 

781.  Prospecting  for  tungsten:  Min.  and  Scl.  Press,  vol.  104,  p.  885,  June 
29,  1912. 

Mann,  M.  J. 

782.  Description  of  the  Claysville  quadrangle  [Pennsylvania! :  U.  S.  Geol. 

Survey,  Geol.  Atlas  IT.  S.,  Claysville  folio  (no.  180),  14  pp.,  10  figs., 
5  pis.  (maps  and  sections),  1912;  field  edition,  p8  pp.,  10  figs.,  5 
folded  maps  (and  sections)  in  pocket,  1912. 

Describes  the  topography,  the  stratlf^raphy  of  Devonian  and  Carbon- 
iferous formations,  the  geologic  structure,  the  geologic  history,  and  the 
mineral  resources,  chiefly  oil,  gas,  and  coal. 

783.  The  C^mpton  oil  pool,  Kentucky:  U.  S.  Geol.  Survey,  Bull.  471,  pp. 

9-17,  2  pla  (map  and  sections),  1012. 

784.  Oil  and  gas  development  In  Knox  Ck)unty,  Kentucky:  U.  S.  Geol.  Sur- 

vey, Bull.  471,  pp.  18-29,  2  pis.  (map  and  sections),  1912. 

785.  The  Fayette  gas  field.  Alabama:  U.  S.  Geol.   Survey,  Bull.  471,  pi). 

30-55,  2  pis.  (map  and  sections),  1912. 

786.  Explorations  for  natural  gas  and  oil  at  Memphis:  Tennessee  Stiite  Geol. 

Survey,  Resources  of  Tennessee,  vol.  2,  no.  2,  pp.  48-(i8,  4  figs., 
1  pi.  (map),  February,  1912. 

Describes  natural  flows  of  gas  In  the  vicinity  of  Memphis,  gives  rec- 
ords of  borings,  and  discusses  the  geologic  structure. 

787.  The  Spring  Creek  oil  field,  Tennessee:  Tennessee  State  (Jeol.  Survey, 

Resources  of  Tennessee,  vol.  2,  no.  7.  pi).  273-285,  1  i)l.  (map),  1912. 

788.  Problems  of  oil  and  gas  accumulations  in  the  Appalachian  region :  Ab- 

stract, Washington  Acad.  Sci.,  Jour.,  vol.  2,  no.  17,  pp.  428-429, 
October  19.  1912. 

Xuttkowski,  Richard  A. 

789.  Additional  notes  on  Trichocnemis  aliena  Scudder :  Wisconsin  Nat.  Hist 

Soc.,  Bull.,  vol.  8,  no.  2,  pi).  10(J-109,  April,  1910. 

Narraway,  J.  E. 

790.  List  of  trllobites  found  at  Ottawa  and  Immediate  vicinity:   Ottawa 

Naturalist,  vol.  28,  no.  8,  pp.  98-100,  November,  1912, 

Nason,  Frank  L. 

791.  The  bearing  of  the  theories  of  the  origin  of  magnetic  iron  ores  on  their 

possible  extent:  Am.  Inst  Min.  Eng..  Bull.,  no.  C7,  pp.  095-708, 
July,  1912 ;  Trans.,  vol.  43,  pp.  291-504,  1913. 

Nathorst,  A.  G. 

792.  On  the  value  of  the  fossil  floras  of  the  Arctic  regions  as  evidence  of 

geological  climates:  Smithsonian  lust.,  Ann.  Rei)t.,  1911,  pp.  335- 
344,  1912. 

Nattress,  Thomas. 

793.  Geology  of  the  Detroit  River  area  :  Ontario,  Bur.  Mines,  Twenty-flrst 

Ana.  Rept,  vol.  21.  pt.  l,  i»p.  2S1-287,  1  pi.  (map  and  section),  1912. 

Neill,  N.  P. 

Soil  survey  of  parts  of  Spencer  and  Warrick,  and  Scott  counties.    See 
Mangum  and  Nelll,  no.  710. 

Nelson,  Wilbur  A. 

794.  Notes  on  lead  in  Tennessee:  Tennessee  State  Geol.  Survey,  Resources 

of  Tameflsee,  vol.  2,  no.  3,  pp.  IOO-II7.  7  figs.,  March,  1912. 
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Nelson,  Wilbur  A. — Continued. 

795.  Lignite  and  lignitlc  clay  in  west  Tennessee :  Tennessee  State  GeoL  Sur- 

vey, Resources  of  Tennessee,  vol.  2,  no.  4,  pp.  157-160,  2  flc&.  April. 
1912. 

796.  The  Monteagle  wonder  cave  [Grundy  Ck)unty,  Tennessee! :  Tennessee 

Geol.  Survey,  Resources  of  Tennessee,  vol.  2,  no.  8,  pp.  294-306.  7 
figs..  August.  1912. 

Tests  on  the  clays  of  Henry  County.     See  Kirkpatrick  and  Nelson,  no. 
587. 

Nevius,  J.  Nelson. 

797.  The  Castle  Dome  lead  district,  Arizona :  Min.  and  Scl.  Press,  vol.  104, 

pp.  854-855,  4  figs.,  June  22,  1912. 

Newland,  D.  H. 

798.  The  mining  and  quarry  industry  of  New  York  state;  report  of  opera- 

tions and  production  during  1911 :  New  York  State  Mus.,  Bull. 
161,  114  IH>.,  1912. 

Nickles,  John  M. 

799.  Bibliography  of  North  American  geology  for  1911,  with  subject  index: 

U.  S.  Geol.  Survey,  Bull.  524,  162  pp.,  1912. 

Norton,  W.  H.,  and  others. 

800.  Underground  water  resources  of  Iowa :  U.  S.  Geol.  Survey,  Water-Sup- 

ply Paper  293,  994  pp.,  18  pis.,  6  figs,  (maps  and  sections),  1912; 
Iowa  Geol.  Survey,  vol.  21,  pp.  29-1186, 18  pis.  (maps  and  sections), 
7  flgs.  (maps),  1912. 

Includes  a  general  account  of  the  geologic  formations. 

Norwood,  Charles  J. 

801.  Report  on  the  progress  of  the  survey  for  the  years  1910  and  1911 : 

Kentucky  (leol.  Survey,  38  pp..  1  pi.  (map).  1912. 

An  ndminlBtrative  report  summarizing  the  work  of  the  survey. 

Ghem,  D.  W. 

802.  Director's  biennial  report  to  the  governor  of  Oklahoma,  1912;  Mineral 

production  of  Oklahoma  from  1901  to  1911:  Oklahoma  Geol.  Sur- 
vey, Bull.  no.  15,  47  pp.,  December,  1912. 

Ghem,  D.  W.,  and  Garrett,  Robert  E. 

803.  The  Ponca  City  oil  and  gas  field :  Oklahoma  Geol.  Survey,  Bull.  no.  16, 

30  pp.,  2  pis.,  1  fig.  (maps),  t)ecember,  1912. 

Describe  the  stratigraphy,  structure,  and  economic  developments. 
Glsson,  Axel. 

804.  Description  of  a  new  genus  and  species  of  Paljeechlnoidea :  Am.  Jour. 

Sci.,  4th  ser..  vol.  33,  pp.  442-446,  1  fig..  May,  1912. 

Describes  Lepidechinoides  ithacensis  n.  gen.  and  n.  sp.  from  the 
Devonian  at  Ithaca,  N.  Y.,  and  discusses  relationships  to  allied  genera. 

805.  New  ami  interesting  fossils  from  the  Devonian  of  New  York :  Bull.  Am. 

I*aleont.,  vol.  5,  no.  23,  7  pp.,  2  pis.,  Cornell  Univ.,  Ithaca,  N.  Y., 
December  20,  1912. 

DoRcribos  TrichotocrinuH  n,  subgen.,  Mrlocrinutt  (Trichotocrinus) 
harruti  n.  sp.,  Melocrinua  icUliamsi  n.  sp.,  and  Melocrinu9  reticularis 
n.  sp. 
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CKeill,  J.  J. 

806.  Belceil  and  Rougemout  mountains,  Quebec:  Canada  Geol.  Sur\'ey,  Summ. 

Rept.  1911,  pp.  293-295.  1912. 

Ontario,  Bureau  of  Mines. 

Twenty-first  annual  report  of  the  Bureau  of  Mines,  1912.    See  Gibson, 
no.  361. 

Ord6fiez,  Ezequlel. 

807.  The  recent  Guadalajara  earthquakes :  Seism.  Soc.  America.  Bull.,  vol.  2, 

no.  2,  pp.  134-137,  June,  1912. 

Describes  earthquake  shocks  felt  at  Guadalajara,  Mexico,  in  May, 
1912,  and  discusses  their  probable  cause. 

Osbom,  Henry  Fairfield. 

808.  Evolution  as  it  appears  to  the  paleontologist :  Intern.  Zool.  Congr.,  Sev- 

enth, Boston,  1907,  Proc,  pp.  733-739,  Cambridge,  U.  S.  A.,  1912. 
r Advance  print,  7  pp.,  1910.] 

809.  A  means  of  estimating  the  age  of  the  mastodon  and  other  Proboscidea : 

Abstract,  Intern.  Zool.  Congr.,  Seventh,  Boston,  1907,  Proc.,  pp. 
782-784.  3  figs.,  Cambridge.  U.  S.  A.,  1912.     [Advance  print,  3  pp., 

3  figs.,  1910.1 

810.  The  continuous  origin  of  certain   unit  characters  as  observed  by  a 

paleontologist  Reprinted  from  the  Harvey  lectures,  series,  1911- 
1912,  pp.  153-204.  8  figs.  Philadelphia,  J.  B.  Lippincott  Company 
[1912?] ;  Am.  Naturalist,  vol.  46,  pp.  185-206,  249-278,  8  figs..  April 
and  May,  1912. 

811.  Crania  of  Tyrannosaurus  and  Allosaurus  (Tyrannosaurus  contributions 

no.  3)  ;  Am.  Mus.  Nat  Hist,  Mem.,  new  ser.,  vol.  1,  pt  1,  pp.  3-30, 

4  pis.,  27  figs.,  June,  1912.  ^ 

812.  Integument  of  the  Iguanodont  dinosaur  Trachodon :  Am.  Mus.  Nat  Hist., 

Mem.,  new  ser.,  vol.  1,  pt.  2,  pp.  31-54,  6  pis.,  13  figs.,  June,  1912. 

813.  Craniometry  of  the  Equid^e:  Am.  Mus.  Nat.  Hist,  Mem.,  hew  ser.,  vol.  1, 

pt  3,  pp.  55-100,  17  figs.,  June,  1912. 

814.  Tetraplasy,   the   law   of   the  four   inseparable   factors   of   evolution: 

Acad.  Nat  Sci.  Philadelphia,  Jour.,  2d  ser.,  vol.  15,  pp.  273-309, 
1912;  Abstract,  Acad.  Nat  Sci.  Philadelphia,  Proc.,  vol.  64,  pt  1, 
pp.  144-146,  2  figs.,  1912. 

815.  Ten  years*  progress  in  vertebrate  paleontology;  Correlation  and  pale- 

ogeography:  Geol.  Soc.  America,  Bull.,  vol.  23,  no.  2,  pp.  23^256, 
June  1,  1912. 

Discusses  the  relations  of  Tertiary  formatiouR  In  Western  States. 

816.  Phylogeny  and  ontogeny  of  the  horns  of  mammals:  Science,  new  ser., 

vol.  35,  pp.  595-590,  April  12.  1912. 

Paige,  Sidney. 

817.  Description  of  the  Llano  and  Burnet  quadrangles  [Texas] :  U.  S.  Geol. 

Survey,  Geol.  Atlas  V,  S.,  Llano-Buniet  folio  (no.  183),  16  jjp.,  7 

pis.  (maps  and  lllus.),  6  figs.,  1912;  field  edition,  115  pp.,  11  pla, 

6  figs.,  6  maps  (in  i)ocket),  1912. 

Describes  the  geographic  features,  the  occurrence,  character,  and  re- 
lations of  pre-Cambrlan,  Cambrian,  Ordovlclan,  Carboniferous,  and 
Cretaceous  formations,  the  geologic  structure,  the  geologic  history,  and 
the  mineral  resources. 
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Paige,  Sidney — Continued. 

818.  Gravel  as  a  resistant  rock:  Jour.  Geology,  vol.  20,  no.  1,  pp.  49-52, 

1  fig.,  1912. 

Discusses  the  physiographic  history  of  a  portion  of  the  Silver  City 
quadrangle,  New  Mexico. 

819.  Rock-cut  surfaces  in  the  desert  ranges:  Jour.  (5eology,  vol.  20,  no.  5, 

pp.  442-450.  4  flgs.,  July-August,  1912. 

820.  The  origin  of  turquoise  in  the  Burro  Mountains,  New  Mexico:  EJcon. 

Geology,  vol.  7,  no.  4,  pp.  382-392,  June,  1912. 
8S1.  The  geologic  and   structural   relations  at   Santa   Rita    (Chino),   New 
Mexico:  Econ.  Geology,  vol.  7,  no.  6,  pp.  547-559,  1  flg.   (map), 
September,  1912. 

822.  The  Uano-Bumet  region,  Texas   (discussion)  :  Econ.  Gieology,  vol.  7, 

no.  6,  pp.  593-594,  September,  1912. 

Palache,  Charles. 

823.  Mineralogy  and  petrography:  American  Year  Book,  1911,  pp.  58&>590, 

1912. 

Reviews  the  progress  during  the  year  1911  and  gives  a  list  of  the 
more  important  publications. 

824.  The  identity  of  parlsite  and  synchisite:  Am.  Jour.  Sci.,  4th  ser.,  vol. 

34,  p.  490,  November,  1912. 

Palmer,  Howard. 

825.  Observations  on  the  Sir  Sandford  Glacier,  1911   [British  Ck)lumbial : 

Geog.  Jour.,  vol.  39,  no.  5,  pp.  446-453,  4  pis.,  1  flg..  May,  1912. 

Parker,  Horatio  Newton. 

826.  Quality  of  the  water  supplies  of  Kansas:  U.  S.  Gteol.  Survey,  Water- 

Supply  Paper  273,  375  pp.,  1  pL,  1  flg.,  1911. 

Includes  an  account  of  the  general   geology  and   the  underground 
waters. 

The  quality  of  some  waters  of  the  Coastal  Plain  of  North  Carolina. 
See  Clark  and  others,  no.  193. 

Parks,  Henry  M. 

827.  Road  materials  in  the  Willamette  Valley:  Oregon  State  Bur.  Mines, 

Bull.  no.  1,  63  pp.,  15  pis.,  1  map,  second  edition  [flrst  edition, 
January,  1911],  January,  1912. 

828.  The  economic  geological  resources  of  Oregon:  Oregon  State  Bureau  of 

Mines  (Oregon  Agric.  Coll.,  Coll.  Bull.,  Extension  Series  5,  no.  2), 
120  pp.,  iUus.,  1912. 
Parks,  William  Arthur. 

829.  The  building  and  ornamental  stones  of  the  maritime  provinces :  Canada, 

Dept.  Mines,  Mines  Branch,  Summ.  Kept,  1911,  pp.  84-86, 1912. 

830.  Keport  on  the  building  and  ornamental  stones  of  Canada,  vol.  1 :  Can- 

ada, Dept.  of  Mines,  Mines  Branch,  376  pp.,  77  pis.,  21  flga,  1912. 
Includes  an  outline  of  the  geology  of  Ontario. 

Parr,  S.  W.,  and  Ernest,  T.  R. 

831.  A  study  of  aand-llme  brick:  Illinois  State  Geol.  Survey,  Bull.  no.  18, 

^i  PPm  6  pis.,  4  figs.,  1912. 

Parsons,  Arthur  L. 

832.  Gold  fields  of  Lake  of  the  Woods,  Manitou,  and  Dryden :  Ontario,  Bur. 

Mines,  Twenty-first  Ann.  Kept.,  vol.  21,  pt.  1,  pp.  169-204,  35  flga, 
1912. 

Describes  the  geology  of  pre-Cambrian  rocks  and  the  gold  ftUnes  and 
prospects. 
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.  FftTBons,  Floyd. 

83S.  Mining  coal  on  the  Virginian  Railroad :  Coal  Age,  vol.  1.  pp.  1039-1043, 
7  flga,  May  18,  1912. 

IncladeB  notes  on  (be  occurrence  and  character  of  coals  In  southern 
West  Virginia. 

Pastor  X  Qirand,  Antonio. 

Rieaengipskristalle   aus   Chihuahua,    Nord-Mexiko.     See   Wittlch    and 
Pastor  y  Girand,  no.  1234. 

Patton,  Horace  B.,  Hoskin,  Arthur  J.,  and  Butler,  G.  Montagne. 

834.  Geology  and  ore  deposits  of  the  Alma  district.  Park  County,  Colorado: 

Colorado  State  Geol.  Sur>'ey,  Bull.  3,  284  pp.,  29  pis.,  6  figs.,  1912. 

PafO,  Fred  P. 

835.  Ueber  Azurlt,  Vanadlnit,  Mimetesit,  Calamin:  Zelts.  Krystal.,  Bd.  SO, 

EL  6,  pp.  000-604,  1912. 

Describes  azurite  from  Socorro  City,  Now  Mexico,  vanadinite  from 
seTeral  localities  in  New  Mexico,  mlmeteslte  from  Chihuahua,  Mexico, 
and  calamine  from  LeadTille,  Colorado. 

Ueber  Kieselzinkerz  von  Santa  Eulalia  bei  Chihuahua,  Mexico.     See 
Seebach  and  Paul,  no.  959. 

Peach,  B.  N. 

836.  The  relation  between  the  Cambrian  faunas  of  Scotland  and  North 

America :  Nature,  vol.  90,  pi>.  49-66,  September  12,  1912. 

Peale,  A.  C. 
887.  On  the  stratigraphic  position  and  age  of  the  Judith  River  formation : 
Jour.  Geology,  vol.  20,  nos.  6,  7,  and  8.  pp.  530-549,  040-652,  738- 
757, 1912. 

Pearson,  J.  R.,  and  Hoff,  L.  R. 

838.  Asbestos  and  its  uses:  Canadian  Soc.  Civil  Eiig..  Trans.,  vol.  26,  pt.  1, 

pp.  141-155,  3  pis.,  1912. 

Peck,  Frederk^k  B. 

839.  Preliminary  report  on  the  talc  and  serpentine  of  Northampton  County 

and  the  Portland  cement  materials  of  the  I^high  district:  Penn- 
sylvania Topog.  and  Geol.  Survey,  Rept.  no.  5,  65  pp.,  17  i)ls.  (incl. 
geol.  map),  9  figs.,  1011. 

Pelton,  E.  F.,  and  Irwin,  D.  D. 

840.  The  planetable  In  geologic  mapping  (discussion)  :  I^X-on.  (neology,  vol.  7, 

no.  8,  pp.  778-783,  December,  1912. 

Penck,  Walther. 

841.  Stndien  am  Kilauea,  Hawaii :  Gesell.  Erdkunde  Berlin,  Zeitsc-h.,  no.  3, 

pp.  180-203,  1  fig.,  1912. 

Gives  observations  on  the  volcano  Kilauea. 

Pepperberg,  Leon  J. 

842.  The  southern  extension  of  the  Milk  River  coal  field,  Chouteau  County, 

Montana:  U.  S.  Geol.  Survey,  Bull.  471,  pi).  359-383,  1  pi.  (map), 
1912. 
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Perisho,  E.  C,  and  Visher,  S.  S. 

843.  A  preliminary  report  upon  the  geography,  geology,  and  biology  of  Mel- 

lette, Washabaugh,  Bennett,  and  Todd  counties.  South  Dakota : 
South  Dakota  State  GeoL  and  Biol.  Survey,  Bull.  no.  5.  152  pp.,  50 
pis.  and  maps,  1912. 

Gives  a  general  account  of  the  physioin^phic  features,  stratigraphy, 
and  mineral  resources  of  south  central  South  Dakota. 

Perkins,  George  H. 

844.  Report  of  the  State  geologist  on  the  mineral  industries  and  geology  of 

Vermont,  1911-1912.  Eighth  of  this  series.  269  pp.,  83  pis.  Mont- 
pelier,  Vt,  1912. 

The  various  papers  have  been  listed  under  the  individual  authors. 

845.  A  general  account  of  the  geology  of  the  Green  Mountain  region:  Ver- 

mont State  Geologist,  Eighth  Kept.,  pp.  17-100,  40  pis..  1912. 

846.  Mineral  resources  of  Vermont :  Vermont,  State  Geologist,  Eighth  Rept, 

pp.  247-269,  2  pis.,  1912. 

Peterson,  O.  A. 

847.  Ten  years*   progress  in   vertebrate   paleontology;   Artiodactyla :  Geol. 

Soc.  America,  Bull.,  vol,  23,  no.  2,  pp.  162-178,  June  1,  1912. 

848.  A  group  of  Stenomylins  recently  prepared  and  exhibited  in  the  Carnegie 

Museum :  Carnegie  Mua,  Annals,  vol.  8,  no.  2,  pp.  366-369,  2  pis., 
1  flg..  May.  1912. 

849.  Recently  proposed  species  of  the  genus  Diceratherium :   Science,  new 

ser.,  vol.  36,  p.  801,  December  6,  1912. 

Phalen,  W.  C. 
860.  Description  of  the  Kenova  quadrangle  [Kentucky- West  Virginia-Ohio] : 
U.  S.  Geol.  Survey,  Geol.  Atlas  IT.  S.,  Kenova  folio  (no.  184),  16 
pp.,  4  pis.  (maps  and  sections),  13  figs..  1912. 

Describes  topography,  the  stratigraphy  of  Carboniferous  formations 
and  Pelstocene  deposits,  ifmeous  rocks,  the  Rcolofric  structure  and 
geologic  history,  and  the  economic  resources,  principally  coal  and  iron. 

851.  Sulphur,  pyrite,  and  sulphuric  acid  in  1911 :  Am.  Fertilizer,  vol.  36.  no. 

12,  pp.  33-44tl,  June  15,  1912. 

Mineral  resources  of  the  United  States,  1011 :  Bauxite  and  aluminum ; 
chromic  iron  ore;  abrasive  materials:  iK)tash  salts;  salt  and  bro- 
mine; sulphur,  pyrite,  and  sulphuric  acid;  barytes;  mineral  paints. 
See  no.  1127. 

Phillips,  Alexander  Hamilton. 

852.  Mineralogy,  an  introduction  to  the  theoretical  and  practical  study  of 

minerals.  699  pj).,  534  figs..  New  York,  The  Macmillan  Company, 
1012. 

Phillips,  Drury  McN. 

A  reconnaissance  report  on  the  geology  of  the  oil  and  gas  fields  of 
Wichita  and  Clay  counties,  Texas.     See  Udden.  no.  1121. 

Phillips,  William  Battle. 

853.  Iron  making  in  Alabama.     Third  edition,  254  pp.,  31  pla    Alabama, 

Geol.  Survey,  1912. 

Includes  a  discuspion  on  tho  character  and  occurrence  of  the  iron  ores. 

854.  Sulphur  dei)osits  in  Culbers(m   (formerly  a  part  of  El  Paso)  County. 

Texas:  Am.  Fertilizer,  vol.  36,  no.  12,  pp.  44g-46,  5  figs.,  June  15, 
1912. 
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Pickardf  Byron  O. 

855.  The  Oro  Grande  mine  in  Grant  County.  New  Mexico :  Miu.  Science,  vol. 

65,  pp.  166-168,  3  figs.,  February  15,  1012. 

Gives  notefl  on  the  local  geolog>'  and  the  character  and  occurrence  of 
the  gold-bearing  veinH. 

856.  The  Apache  mines  of  the  Owl  Head  (listrict.  Arizona:  Min.   Science, 

vol.  65,  pp.  473-475,  May  30.  1912. 

Includes  notes  on  the  local  geology  and  the  character  and  occurrt>nce 
of  the  ore  bodies. 

Pierce,  R.  A. 

857.  The  lignite  fields  of  Colorado:   Coal  Age.   vol.  1,  i»p.  534-538,  0  figs., 

February  3,  1912. 

Piers,  Harry. 

858.  On  the  occurrence  of  tin  in  Nova  Scotia:  Nova  Scotian  Inst.  Scl.,  Proc. 

and  Trans.,  vol.  12,  pt.  3,  pp.  ZS1>-24S>,  March,  1912. 

859.  Mastodon  remains  in  Nova  Scotia :  Nova  Scotian  Inst.  Scl.,  Proc.  and 

Trans.,  vol.  13,  pt.  2,  i>i>.  163-174,  August  26,  1912. 

Pilsbry,  Henry  A. 

860.  Notes  on  some  Pleurotomiidre  of  the  Cretaceous  of  New  Jersey:  Acad 

Nat.  Sci.  Philadelphia,  I»r(K'.,  vol.  63,  pt.  3.  pp.  534-535.  1  fig.,  1912. 

Gives    notes    on    Pleurotomaria    crotaloUhm     (Morton),    P.    abbotti 
(Oabb),  and  describes  P.  troolmani  n.  sp. 

Note  on  a  collection  of  fossils  from  Wilmington,  North  Carolina.     See 
Brown  and  Pilsbry,  no.  117. 

Pirsson,  L.  V. 

Modifications  of  the  quantitative  system  of  classifiiuitlon  of  igneous 
rocks.     See  Cross  and  others,  no.  240. 

Pishel,  Max  A. 

861.  Lignite  in  the  Fort  Berthold  Indian  Reservation,  North  l)akota,  north 

of  Missouri  River:  V.  S.  (;(h>1.  Survey,  Bull.  471,  pp.  170-186.  2  pis. 
(map  and  sections),  1912. 

Pittier,  Henri  F. 

862.  Kostarika;   Beitrilge  zur  Orographic*  und   llydn>grapbie:  IVternianns 

Mitt,  Erzganzungsheft  no.  175,  4S  i)p.,  ina[i,  1912. 
Describes  physiographic  features  of  (^osta  Rica. 

Platen,  Paul. 

863.  Die  fossilen  WUlder  am  Amethyst-Mount  ini  Yollowstone-Xationalpark 

und  die  mikroskopische  Intcrsiichung  ihrcr  Ilolzer:  Prometheus, 

Jahrg.  20,  pp.  241-24(J.  i\  tigs..  .lanuary  20.  1000. 

Describes  fossil  wowl.  with  8«»i'tionM  illustrating  structun».  from  tho 
Yellowstone  National   Park. 

Poerue,  J.  E.,  and  Ooldschmidt,  V. 

864.  On  quartz  from  Alexander  County.  North  Carolina :  Am.  .Tour.  S<J..  4th 

ser.,  vol.  34,  pp.  414^20,  3  figs..  November.  1012. 

Pohlisr,  H. 

865.  Sur  una  vleille  mandibule  de  "  Tetracaulodon  ohioticum  "  Blum.,  avec 

d^ense  in  Htu:  Soc.  Bclgc  cr-ol.,  Bull.,  t.  20.  pp.  1.S7-103,  2  figs., 

1012. 

Describes  a  mandible  of  Tetravuulodon  ohiotivum  proHi'rvinK  tiie  tusk 
in  place. 
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Porter,  E.  A. 

866.  Placer  miniug  in  the  Fortymlle,  Eagle,  and  Seveutymile  River  districts 

[Alaslia] :    U.  S.  Geol.  Survey,  Bull.  520,  pp.  211-218,  1912. 

Frest,  Walter  Henry. 

867.  Report   on   cave  examination   in   Hants   County,    Nova    Scotia :  Nova 

Scotiau  Inst  Scl.,  Proc.  and  Tnins.,  vol.  13,  pt.  2,  pp.  87-i>4,  2  figs., 
August  26,  1912. 

Price,  George  McCready. 

868.  God's  two  books,  or  plain  facts  about  evolution,  geolog>%  And  the  Bible. 

183  pp.,  illus.  Washington,  D.  C,  Review  and  Herald  Publishing 
Association,  1911. 

Prindle,  L.  M..  and  Mertie,  J.  B.,  Jr. 

869.  Gold  placers  between  Woodchopper  and  Fourth  of  July  creeks,  upi)er 

Yukon  River:  U.  S.  Geol.  Survey,  Bull.  520,  pp.  201-210.  1  pi. 
(map),  1912. 

Includes  an  account  of  the  stratigraphy  of  the  region. 

Probert,  Frank  H. 

870.  Ck)pper  Butte,  Ariz.,  a  volcanic  throat:  Eng.  and  Mln.  Jour.,  vol.  94, 

pp.  490-500,  2  flgs.,  September  14,  1912. 

Prosser,  Charles  S. 

871.  The  disconforniity  between  the  Bedford  and  Berea  formations  In  central 

Ohio :  Jour.  Geology,  vol.  20,  no.  7,  pp.  585-604,  6  flgs..  1912. 

872.  The  Devonian  and  Mississippian  formations  of  northeastern  Ohio :  Ohio 

Geol.  Survey,  Fourth  Ser.,  Bull.  15,  574  pp.,  33  pis.,  1  flg.,  Decem- 
ber, 1912;  Abstract,  Washington  Acad.  Scl.,  Jour.,  vol.  2,  no.  14, 
pp.  352-353,  August  19,  1912. 

Prouty,  William  Frederick. 

873.  Map  of  the  Coosa  coal  field,  with  sections.    30  X  39  inches.     Scale.  1 

inch=1.5  miles.    Alabama  Geol.  Survey,  1912. 

874.  Water-worn  coal  i)ebbles  in  Carboniferous  sandstone:  Jour.  Geology, 

vol.  20,  no.  8,  pp.  7(59-771,  1  fig.,  1912. 

Prutzman,  Paul  W. 

875.  History  and  geology  of  California  oil  fields:  Min.  and  Eng.  World,  vol. 

30,  pp.  1191-1192,  Juno  22,  1912. 

Purdue,  A.  H. 

876.  (Compendium   of   the   mineral    resources   of  Arkansas:    ILittle   Rock] 

Board  of  Trade  Bulletin,  30  pp.,  1912. 

877.  Administrative  rei>ort  of  the  State  geological  survey,  1912:  Tennessee 

State  Geol.  Survey,  Bull.  15.  17  pp.,  1912. 

878.  The  zinc  deposits  of  northeastern  Tennessee:  Tennessee  State  Geol. 

Survey,  Hull.  14.  (;0  pi>.,  1  pi.  (map),  m  figs.,  1912. 

879.  The  zlnc!  deiK)slts  of  northern  Tennessee:  Mln.  Science,  vol.  66.  pp.  249- 

251,  2  figs.,  October  17,  1012. 

880.  Some  neglei-ted  principles  of  physiography:  Indiana  Acad.  Sci.,  Proc., 

1911,  pp.  83-87,  1  fig.,  1912. 

Putnam,  George  R. 

881.  Condition  of  the  earth's  crust:  Science,  new  ser..  vol.  36,  pp.  869-871, 

December  20,  1912. 
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Qainn,  Edward  J. 

882.  Soil  survey  of  Laporte,  St.  Joseph,  and  Bartholomew  counties:  Indiana 

Dept.  Geology  and  Nat.  Res.,  36th  Ann.  Rept.,  pp.  281-334,  3  pla. 
(maps),  8  figs.,  1012. 

Bansome,  Frederick  Leslie. 

883.  EiConomIc  geology:  American  Year  Book,  1911,  pp.  584-585,  1912. 

Reviews  the  pro>;reB8  and  principal  publications  during  the  year  1911. 

884.  The  planetable  in  detailed  geologic  mapping:   Econ.   Geology,  vol.   7, 

no.  2,  pp.  113-119,  February-March,  1912. 

885.  Genesis  of  the  lead-silver  ores  of  Wardner  district,  Idaho:  Mlu.  and 

Sci.  Press,  vol.  1()5,  pi).  143-144,  August  3,  1912. 

Bavn,  J.  P.  J. 

886.  On  Jurassic  and  Cretaceous  fossils  from  northeast  Greenland:   Med- 

delelser  om  Groenland,  Bd.  45,  pp.  433-500,  7  pis.  (incl.  map),  6 
figs,  1912. 

Baymond,  Percy  E. 

887.  The  Clymenia  fauna  in  the  American  Devonian:  Intern.  Zool.  CJongr., 

Seventh,  Boston,  1907,  Proc.,  pp.  741-744,  Cambridge,  U.   8.  A., 
1912. 

888.  [Report  of  the)   I»aleontological  division:   invertebrate:  Canada  Geol. 

Sur>'ey,  Summ.  Rept.,  1911,  pp.  351-357,  1912. 

Inchides  notes  on  Ordoviclan  formations  in  Ottawa  valley,  Canada. 

889.  Notes  on  parallelism  among  the  Asni)hidfe:  Roy.   Soc.  Canada,  Proc. 

and  Trans..  3d  ser..  vol.  5,  sec.  4,  pp.  111-120,  3  i>ls.,  1912. 

890.  On  two  new  Paleozoic  starfish  (one  of  them  found  near  Ottawa),  and  a 

new  crinoid :  Ottawa  Naturalist,  vol.  26,  no.  7,  pp.  77-81,  1  pi.,  3 
figs.,  October,  1912. 

Describes  Paktasterf  wUsoni  n.  pp.  from  the  Ordovician  near  Ottawa, 
Ontario,  MarUicrinusf  infiHetwt  n.  sp.  from  the  Devonian  Three 
Forks  shale  at  Logan,  Montana,  and  Hchanaster,  montanus  n.  sp.  from 
the  Madison  limestone  at  Spring  Canon  in  the  Ruby  Mountains,  near 
Alder.  Montana. 

891.  On  the  nature  of  the  so-called  "  covering  plates "  in  Protopalceaater 

narrawayi:  Ottawa  Naturalist,  vol.  26,  no.  9,  pp.  105-108,  1  pi., 
December,  1912. 

Bead,  Thomas  T. 

892.  The   Nevada-Douglas   mines    [I.yon   County,   Nevada]:    Min.   and   Sci. 

Press,  vol.  105.  pii.  Ii0<^207.  3  figs.,  August  17,  1912. 

Includes  notes  on  the  local  g(H>logy  and  the  occurrence  of  the  copper 
ores  and  gypsum. 

Beagan,  Albert  B. 

893.  Mineral  resources  of  Jemez- Albuquerque  region    I  New  Mexico]:   Min. 

and  Eng.  World,  vol.  36,  p.  23,  January  6,  1912. 

"Reedf  Margaret. 

Mutations  of  Spirifcr  mucronatus.    See  Grabau  and  Reed,  no.  391. 

Beid,  Harry  Fielding. 

894.  Earthquakes  and  volcanoes:  American  Tear  Book,  1911,  pp.  590-^S93, 

1912. 

Reviews  the  principal  earthquakes  and  volcanic  eruptions  during  the 
year  1911. 

8172*— Bull.  545—13 6 
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Beid,  Harry  Fielding — Continued. 

895.  List  of  strong  shocks  in  the  United  States  and  dependencies:  Brltisli 

Assoc.  Adv.  Sci.,  Rept  Slst  Meeting,  pp.  41-i5,  1912. 

A  list  of  earthquakes  ranging  in  intensity  from   I  to  III   between 
1663  and  1009. 

896.  On  the  choice  of  a  seismograph :  Seism.  Soc.  America,  Bull.,  vol.  2,  no.  1, 

pp.  8-30,  13  figs.,  1912. 

Describes  apparatus  for  registering  earthquake  shocks. 

897.  On  the  nomenclature  of  faults:  Abstracts,  Science,  new  ser.,  vol.  35. 

p.  319,  f'ebruary  23,  1912 ;  Geol.  Soc.  America,  Bull.,  vol.  23,  no.  1, 
p.  74,  March  14,  1912. 

898.  The  formation  of  mountain  ranges:  Abstract,  CJoal  Age,  vol.  1,  p.  703, 

March  9,  1912. 

899.  Note  on  mountain-producing  forces :  Abstract,  Geol.  Soc.  America,  Bull., 

vol.  23,  no.  1.  p.  71,  March  14,  1912. 

Isostasy  and  mountain  ranges:  Am.  Geog.  Soc.,  Bull.,  vol.  44,  no.  5, 
PI).  354-(JaO,  May,  1912. 

Reprinted  from  Am.  Phllos.  Soc.,  Proc.,  vol.  50,  pp.  444—451,  1011. 
See  entry  no.  010  of  U.  S.  Geol.  Survey,  Bull.  524,  p.  76. 

Beinecke,  L. 

900.  Beaverdell  map  area,  Yale  district,  B.  0. :  Canada  Geol.  Survey,  Summ. 

Kept.,  1911,  pp.  130-132,  1912. 

Sliver  and  gold  deposits  on  the  west  fork  of  Kettle  River:  Canadian 
Min.  Inst,  Jour.,  vol.  14,  pp.  207-211,  1912.  See  no.  1038  of  the 
bibliography  for  1910,  IT.  S.  Geol.  Survey,  Bull.  495,  p.  85. 

Bequa,  Mark  L. 

901.  Present  conditions  in  the  California  oil  fields:  Am.  Inst.  Min.  Eng., 

Trans.,  vol.  42.  pp.  837-846,  1912. 

Includes  data  on  the  geology  of  the  Midway  oil  field. 
Bice,  Claude  T. 

902.  Copper  mining  at  Lake  Sui)erlor:  Eng.  and  Min.  Jour.,  vol.  94,  pp.  111^ 

124,  4  figs.,  July  20,  1912. 

Bice,  George  S. 

Keport  of  the  Commission  appointed  to  investigate  Turtle  Mountain, 
Frank,  Alberta.    See  Daly  and  others,  no.  257. 

Bich,  John  L. 

The  proi>ertles  of  ice.    See  Tarr  and  Rich,  no.  1068. 

Bichards,  R.  \V.,  and  Mansfield,  G.  R. 

903.  The  Bannock  overthnist,  a  major  fault  in  southeastern  Idaho  and  north- 

oastern  Utah :  Jour.  Geologj',  vol.  20,  no.  8,  pp.  681-709,  5  figs.,  1912. 

Bichardson,  C.  H. 

904.  The  terranes  of  Craftsbury,  Vermont :  Vermont,  State  Geologist,  Eighth 

Rept.,  pp.  162-183,  1  pi..  1912. 

Descrlbos    the    distribution,    character,    and    relations    of    Cambrian, 
Ordoviclan,  Devonian,  and  intrusive  rocks. 

The  asbestos  deposits  of  the  New  England  states:  Canadian  Min.  Inst., 
Jour.,  vol.  14,  pp.  107-117,  1  pi.,  1  fig.  (discussion,  pp.  117-137, 
3  figs.),  1912.  See  no.  937  of  the  bibliography  for  1911,  U.  S.  Geol. 
Sur^^ey,  Bull.  524,  p.  77. 
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Richardson,  G.  H.,  and  Collister,  M.  C. 

905.  Tbe  terranes  of  Albany,  Vermont:  Vermont,  State  Geologist,  Eighth 

Kept,  pp.  184-105,  5  pis.,  1912. 

Describes  the  general  features  and  the  stratigraphy  of  the  area. 

Richardson,  C.  H.,  and  Conway,  E.  F. 

906.  The  terranes  of  Irasburg,  Vermont:  Vermont,  State  (Jeoiogist,  Eighth 

Kept,  pp.  146-161,  8  pis.,  1912. 

Describes  the  occurrence,  character,  and  relations  of  Cambrian,  Or- 
doTician,  and  Intrusive  rocks. 

Richardson,  Clifford. 

907.  Trinidad  and  Bermudez  asphalts  and  their  use  in  highway  construction : 

Pop.  Sci.  Monthly,  vol.  81,  no.  1,  pp.  11«5,  18  figs.,  July,  1912. 

Bichardson,  G.  B. 

908.  The  Monument  Creek  group:  Geol.  Soc.  America,  Bull.,  vol.  23,  no.  2, 

ppi  267-276,  1  fig.  (map),  June  15.  1912. 

Describes  the  Dawson  arkose  and  Castle  Uock  conglomerate  forming 
the  Monument  Creek  group  of  Colorado  and  discusses  their  relation  to 
the  Denver  and  Arapahoe  formations. 

900.  Monument  Creek  group  and  its  relations  to  the  Denver  and  Arapahoe 
formations:  Abstract,  Science,  new  ser.,  vol.  35,  pp.  311-312,  Feb- 
ruary, 1912. 

010.  Structure  of  the  foothills  of  the  Front  Range,  central  Colorado:  Ab- 
stract, Washington  Acad.  Sci.,  Jour.,  vol.  2,  no.  17,  pp.  429-430, 
October  19,  1912. 

Bickard,  T.  A. 

911.  The  domes  of  Nova  Scotia:  Inst  Min.  and  Metall.,  Trana,  vol.  21,  pp. 

506-666,  21  pis.  (Incl.  geol.  map),  19  flgs.,  1912;  Canadian  Min. 
Jour.,  vol.  33,  pp.  224-230.  273-27(J,  310-313,  345-{J48,  16  figs.,  April 
and  May,  1913;  Min.  and  Sci.  Press,  vol.  104,  pp.  492-494,  4  figs.. 
April  6,  1912. 

Discusses  the  geologic  structure  of  the  gold-produrinK  area  of  Nova 
Scotia,  and  the  occurrence  of  the  gold  ores,  and  reviews  the  work  of 
previous  writers  on  the  subject. 

912.  Persistence  of  ore  in  depth :  Min.  and  Sci.  Press,  vol.  105,  pp.  2:^2-234, 

264-266,  August  24  and  31,  1912. 

Bies,  Heinrich. 

913.  Building  stones  and  clay  products,     xv,  415  pp.,  59  pis.,  20  figs.     New 

York,  John  Wiley  &  Sons,  1912. 

914.  Report  on  progress  of  investigation  of  clay  resources:  Canada   Geol. 

Survey.  Summ.  Kept..  1911,  pp.  225-229,  1912. 

915.  Whiteware  materials  in  Ontario  and  Quebec,  kaolin  near  Huberdeau, 

Quebec:  Canada  (ieol.  Survey,  Summ.  Kept.,  1911,  pp.  229-232,  1912. 
The  clay  and  shale  deiwsits  of  the  western  provinces  of  Canada  :  Cana- 
dian Min.  Inst.,  Jour.,  vol.  14,  pp.  351-394,  7  pis.,  3  figs.,  1912. 
See  no.  941  of  the  bibliography  for  1911,  U.  S.  Geol.  Survey,  Bull. 
624,  p.  77. 

Bias,  Heinrich,  and  Keele,  Joseph. 
016.  Preliminary  report  on  the  clay  and  shale  deposits  of  the  western  prov- 
inces: Canada  Geol.  Survey,  Mem.  no.  24,  231  pp.,  61  pis.,  10  figs., 
4  maps,  1912. 
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Bdggs,  Elmer  S. 

917.  New  or  little  known  titanotheres  from  the  lower  Uinta   formations, 

with  notes  on  the  stratigraphy  and  distribution  of  fossils:  Field 
Mus.  Nat.  Hist.,  Pub.  159,  Geol.  ser.,  vol.  4,  no.  2,  pp.  17-41,  9  pis., 
2  figs.,  June,  1912. 

Bipley,  H.  Ernestine. 

918.  Bibliography  of  the  published  writings  of  Henry  Fairfield  Osborn  for 

the  years  1877-1910.    30  pp.    Lancaster,  Pa.,  The  New  Era  Print- 
ing Company,  1911. 
Bis,  F. 

919.  The  identity  of  two  Odonata  fossils:  Wisconsin  Nat.  Hist  Soc.,  Bull., 

vol.  8,  no.  2,  pp.  102-105,  April,  1910. 

DIRCQ88C8  the  systematic  position  of  two  fossil  Insects  described  by 
Scudder  from  the  Tertiary  of  Colorado. 

Robertson,  William  Fleet. 

920.  Report  of  the  [British  (Columbia]  Bureau  of  Mines:  British  Ck>lumbia, 

Minister  of  Mines,  Ann.  Kept.,  1911,  313  pp.,  pis.,  maps,  Victoria, 
1912. 

Includes  notes  on   the  geology  and  occurrence  of  various   ores   in 
British  Columbia. 

Bogers,  Austin  Flint. 

921.  Introduction  to  the  study  of  minerals;  a  combined  textbook  and  pocket 

manual.  522  pp.,  591  figs.  New  York,  McGraw-Hill  Book  ^Com- 
pany, 1912. 

922.  Baddeleyite  from  Montana :  Am.  Jour.  Sci.,  4th  ser.,  vol.  33,  pp.  54-5G, 

January,  1912. 

923.  Lorandite  from  the  Rambler  mine,  Wyoming:  Am.  Jour.  Scl.,  4th  ser., 

vol.  as,  pp.  105-106,  2  figs.,  February,  1912. 

924.  The  occurrence  and  origin  of  gypsum  and  anhydrite  at  the  Ludwig 

mine,  Lyon  County,  Nevada:  Econ.  Geology,  vol.  7,  no.  2,  pp. 
185-189,  3  figs.,  February-March,  1912. 

925.  Dahllite   (podolite)   from  Tonopah,  Nevada;  vcelckerite,  a  new  basic 

calcium  phosphate;  remarks  on  the  chemical  composition  of  apatite 
and  phosphate  rock ;  with  analyses  by  G.  E.  Postma :  Am.  Jour. 
Sci.,  4th  ser..  vol.  33,  pp.  475-482,  2  figs..  May,  1012. 

926.  The  para  genesis  of  minerals:  Econ.  Geology,  vol.  7,  no.  7,  pp.  638-646, 

October-November,  1912. 

927.  Notes  on  rare  minerals  from  California:  School  of  Mines  Quart.,  vol. 

;«.  no.  4,  pp.  373-381,  1  fig.,  July,  1012. 

928.  Some  notes  on  the  rare  minerals  of  California :  Min.  and  Eng.  World, 

vol.  37,  pp.  105-10(5,  July  20,  1012. 

929.  Orthoclaso  as  a  vein  mineral :  Abstract,  (Jeol.  Soc.  America,  Bull.,  vol. 

23,  no.  1,  p.  72,  March  14,  1012. 

Bogers,  Keese  F. 

930.  The  soils  and  agricultural  resources  of  Robertson  County,  Tennessee: 

Tennessee  State  (Jeol.  Survey,  The  Resources  of  Tennessee,  vol. 
2,  no.  12,  pp.  442-457,  2  figs.,  December,  1912. 

Bomanes,  James. 

931.  Geology  of  a  part  of  Costa  Rica :  Geol.  Soc.  Ijondon,  Quar.  Jour.,  vol. 

60,  pt.  1,  pp.  103-130,  2  pis.,  5  figs..  February,  1912. 

932.  Geological  notes  on  the  Peninsula  of  Nicoya,  Costa  Rica:  Geol.  Mag., 

dec.  5,  vol.  9,  no.  6,  pp.  258-265,  1  fig.  (map),  June,  1912;  (ab- 
stract), no.  1,  p.  46,  January,  1912. 
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Baedemann,  Rudolf. 
833.  Note  on  a  specimen  of  Plectoceraa  jason  (Billings)  :  New  York  State 
Mus.,  Bull.  158,  pp.  141-142,  1  pi..  1912. 
The  Ehirypterida  of  New  Yorlc.    See  Clarke  and  Uuedemann,  no.  201. 

Baeppel,  C^rge  K 

Seismology  in  St  Louis  University.    See  Goesse  and  Ruepi^el,  no.  376. 

Balawir  S,  Leopoldo. 

Tlie  mining  industry  of  Mexico.    No.  1,  State  of  Hidalgo.     See  Gon- 

z&lez  and  otliers,  no.  379. 
La  industria  niinera  de  Mi^xlco.     Tomo  1,  Estados  de  Hidalgo  y  Mexico. 

See  Grothe  and  Salazar  S,  no.  405. 

Sales,  Reno  H. 
034.  Review  of  Butte  geological  report:  Eng.  and  MIn.  Jour.,  vol.  94.  pp. 
729-731,  October  19,  1912. 

Savagre,  T.  E. 
935.  The  Channahon  and  Essex  limestones  in  Illinois:  Illinois  Acad.  Sci., 
Trans.,  vol.  4,  pp.  97-103,  1  pi.,  1912. 

DestTlbes  the  occurrence,  character,  and  foRHll  contentM  of  these 
Silurian  limefltonpH  in  northern  Illinois  and  dlscuHHcs  their  correla- 
tion and  the  sources  of  their  faunas. 

Description   of  the  Murphysboro  and   Ilerrin   quadningleH    [IllinoiH]. 
See  Shaw  and  Savage,  no.  972. 

Schaller,  Waldemar  T. 
036.  Mineralogical  notes,  series  2:  U.  S.  Geol.  Survey,  Bull.  509,  115  pp., 
1  pi.,  5  figs.,  1912;  Abstract,  Washington  Acad.  Sci.,  Jour.,  vol.  2, 
no.  14,  p.  349,  August  19,  1912. 

987.  Ferritungstit,  ein  neues  Mineral :  Zeltschr.  Krystal.,  Bd.  50,  H.  2.  pp. 
112-113.  1912. 

Describes  ferritungstite,  a  new  mineral  from  the  Deer  Trail  mining 
district,  Washington. 

838.  Crystallized  turquoise  from  Virginia:  Am.  Jour.  Sci.,  4th  ser.,  vol.  33, 
pp.  35-40,  1  fig.,  January,  1912;  Zeitschr.  Krystal.,  Bd.  50,  H.  2,  pp. 
120-125,  1  fig.,  1912. 

Describes  crystallized  turquoise  from  Virginia. 

939.  New  manganese  phosphates  from  the  gem  tourmaline  field  of  southern 

California :  Washington  Acad.  Sci.,  Jour.,  vol.  2,  no.  6,  pp.  143-145, 
March  19,  1912. 

940.  Crystallized  variscite  from  Utah:  U.  S.  Nat  Mus.,  Proc.,  vol.  41,  pp. 

413-430,  1  pL,  2  figs.,  1912;  Zeltschr.  Krystal.,  Bd.  50,  H.  4-5,  pp. 
321-342,  2  figs.,  1912. 

Describes  the  characters  and  occurrence,  the  optical  properties,  the 
structure,  the  crystallography,  and  the  chemical  composition. 

941.  The  crystallography  of  variscite:  Washington  Acad.  Sc!.,  Jour.,  vol.  2, 

no.  6,  p.  143,  March  19,  1912. 

942.  Die  chemlsche  Zusammensetzung  des  Nephelins :  Zeitschr.  Krystal.,  Bd. 

50,  H.  4-5,  pp.  343^346,  1912. 

DisciUHies  the  chemical  composition  of  nepheline. 
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Schaller,  Waldemar  T. — Continued. 

943.  Barbierit,  ein  monokliner  Natronfeldspat :  Zeitachr.  Krystal.,  Bd.  50, 

H.  4-5,  pp.  347-348,  1912. 

Proposes  the  name  barblerlte  for  a  monocllnic  soda  feldspar. 

944.  Beitrag  zur  Kenntnis  der  Turmallngruppe:  Zeltsclir.  Krystal.,  Bd.  51. 

H.  4,  pp.  320-343,  4  flgs.,  1912. 

A  study  of  the  tourmaline  minerals,  Including. chemical  composition. 

945.  Die  Alunlt-Beudantitgruppe :  Zeitschr.  Krystal.,.  Bd.  50,  H.  2,  pp.  106- 

111,  1912. 

Translation   of   the   paper    published    In    the    American    Journal    of 
Science,  4th  ser.,  toI.  32,  pp.  859-364,  November,  1911.     See  entry  no. 
'  088  of  the  bibliography  for  1011,  U.  B.  Geol.  Survey,  Bull.  524.  p.  80. 

Hinsdalit,  ein  neues  Mineral.     See  Larsen  and  Sclialler,  no  634. 

ScharfF,  Robert  Ftancis. 

946.  Distribution  and  origin  of  life  in  America.    497  pp.,  21  flgs.    (maps. 

some  paleogeographie).    London,  Constable  &  Company.  1911. 

Scherer,  J. 

947.  Great  eartbqunlses  in  tbe  island  of  Haiti :  Seism.  Soc.  America,  Bull., 

vol.  2,  no.  3,  pp.  161-180, 1  flg.  (map),  September,  1912. 

948.  Notes  on  remarkable  earthquake  sounds  in  Haiti :  Seism.  Soc.  America, 

Bull.,  vol.  2.  no.  4.  pp.  230-232,  December,  1912. 

Schmid,  Hugh  S.  de. 

949.  Mica;  its  occurrence,  exploitation,  and  uses  (second  edition) :  Canada, 

Dept.  Mines,  Mines  Branch,  411  pp.,  38  pis.,  67  flgs.,  22  maps,  1912. 

950.  On  the  phosphate  and  feldspar  deposits  of  Ontario  and  Quebec:  Can- 

ada, Dept.  Mines,  Mines  Branch,  Summ.  Kept,  1911,  pp.  117-122, 
1912. 

951.  Mica  mining  in  the  Province  of  Quebec:  Canadian  MIn.  Jour.,  vol.  33, 

pp.  423-426,  6  figs.,  July  1,  1912. 

Schondorf,  Friedrlch. 

952.  Organisation  und  Aufl)au  der  Armwlrl)el  von  Onychaster:  Nas.sauiacher 

Ver.  Naturk.,  Jahrb.,  Jg.  62,  pp.  49-63,  1  pi.,  Wiesbaden,  1909. 

Descrlbos     structural     features    of     Onychaster    HerilUt     Meek     and 
Worthen. 

Schofield,  S.  J. 

953.  Reconnaissance  in  East  Kootenay   [British  Columbia]:  Canada  Geol. 

Survey,  Summ.  Rept.,  1911,  pp.  158-104,  1  pi.  (map),  1912. 

954.  The  origin  of  the  silver-lead  dei)osits  of  EJast  Kootenay,  British  Colum- 

bia :  Econ.  Oeologj-.  vol.  7,  no.  4,  pp.  .351-363,  6  flgs..  June,  1912. 

Schrader,  Frank  Charles. 

955.  A  reconnaissance  of  the  Jarbidge,  Contact,  and  Elk  Mountain  mining 

districts.  Elko  County.  Nevada :  U.  S.  Geol.  Survey,  Bull.  497.  162 
pp.,  2(»  pis.,  3  flgs.,  1912;  Abstract,  Washington  Acad.  Scl.,  Jour., 
vol.  2,  no.  18,  pp.  439-440,  November  4,  1912. 

Schroeder,  F.  C. 

Soil  survey  of  Marlon  County.     See  (ielb  and  Schroeder,  no.  360. 

Schuchert,  Charles. 

956.  Jackson  on  tho  phylogeny  of  the  Echini :  Am.  Jour.  Sci.,  4th  ser.,  vol. 

34,  i)p.  251-263,  September,  1912. 
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Scholtz,  Alfred  R.,  and  Cross,  Whitman. 

957.  Potash-bearing  rocks  of  the  Leucite  Hills,  Sweetwater  County,  Wyo- 

ming: U.  S.  Geol.  Survey,  Bull.  512,  39  pp.,  1  ph,  9  figs.,  1912;  Ab- 
stract, Washington  Acad.  Sci.,  Jour.,  vol.  2,  no.  6,  p.  159,  March 
19, 1912. 

Deecribes  the  character,  composition,  occarrence,  and  geologic  rela- 
tions of  the  rocks,  and  in  detail  the  different  exposures. 

Schwarz,  E.  H.  L. 

958.  The  Atlantic  and  Pacific  types  of  coast :  Oeog.  Jour.,  vol.  40.  no.  3,  pp. 

294-299,  September,  1912. 

Seebach,  M.,  and  Paul,  F.  P. 

959.  Ueber   Kieselzinkerz  von   Sauta   Eulalln   hei   Chihuahua,   Mexico,   ein 

Beitrag  zur  Kenntnis  der  Krystallformen  dieses  Mineral:  Zeita 

KrystaJ.,  Bd.  51,  H.  2.  pp.  149-206,  3  pis.,  1912. 

Describes    the    crystallography    of   siliceous    calamine    from    Santa 
Bulalla,  Chihuahoa,  Mexico. 

• 

Bellards,  E.  H. 

960.  Administrative  report,  1910-1911:  Florida  State  Geol.  Survey,  Fourth 

Ann.  Rept,  pp.  xi-xvi,  1912. 

961.  The  soils  and  other  surface  reHidual  materials  of  Florida,  their  origin, 

character,  and  the  formations  from  which  derived;  a  study  in 
agrogeology:  Florida  State  Geol.  Survey,  Fourth  Ann.  Kept,  pp. 
1-79,  12  pla,  1  map,  3  figs..  1912. 

962.  Production  of  phosphate  roclc  in  Florida  during  1910:  Florida   State 

Geol.  Survey,  Fourth  Ann.  Kept.,  pp.  157-168,  1912. 

Etellards,  E.  H.,  and  Gunter,  Herman. 

963.  The  underground   water   supply   of   west  central   and   west   Florida: 

Florida  State  Geol.  Survey.  Fourth  Ann.  Rept.,  pp.  Sl-155,  4  pis., 
12  figs.,  1912. 

Sellards,  E.  H.,  Ounter,  H.,  and  Cox,  N.  II. 

964.  Roads  and  road  materials  of  Florida :  Florida  State  (leol.  Survey,  Bull. 

no.  2,  31  pp.,  4  pis..  May,  1911. 

Shannon,  Charles  W. 
966.   Soil  survey  of  Morgan  and  Owen  counties :  Indiana,  Dept.  Geology  and 
Nat.  Res.,  36th  Ann.  Rept.,  pp.  135-280,  4  pis.  (maps),  8  figs.,  1912. 

966.  Results  of  glaclation  in  Indiana :  Indiana  Acad.  Sci.,  Proc.,  1911,  pp. 

173-196,  14  figs.,  1912. 

967.  The  sand  areas  of  Indiana:  Indiana  Acad.  Sci.,  Proc,  1911,  pp.  197- 

210,  5  pis.,  1912. 

Sbarwood,  W.  J. 

968.  The  specific  gravity  of  mixtures   (discussion)  :  Vjcon.  (teoiogy,  vol.  7, 

no.  0,  pp.  588-590,  September,  1912. 

Shaw,  A.  H. 

969.  The  Arljansas  semi-anthraclto  field:  Coal  Age,  vol.  2,  no.  15.  pp.  480- 

488,  3  figs.,  October  12,  1912. 

Shaw,  B.  W. 

970.  The  Carlyle  oil  field  and  surrounding  territory:  Illinois   State  Geol. 

Survey,  Extract  from  Bull.  20,  pp.  7-37,  7  pis.  (maps  and  sections). 
1912;  Abstract,  Washington  Acad.  Sci.,  Jour.,  vol.  2,  no.  4.  pp.  108- 
109,  February  19,  1912. 
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Shaw,  B.  W. — Continued. 

971.  Koenigsberger  on  geothermic  gradientB  and  petroleum :  Abstract,  Wash- 

ington Acad.  Sci.,  Jour.,  vol.  2,  no.  15,  pp.  3iKJ-394,  September  19, 
1912. 
Shaw,  E.  W.,  and  Savage,  T.  E. 

972.  Description  of  the  Murphysboro  and   Herrin  quadrangles    [Illinois] : 

U.  S.  Geol.  Survey,  Geol.  Atlas  U.  S.,  Murphysljoro-Herrin  folio 
(no.  185),  15  pp.,  6  pis.  (maps).  13  tigs.,  1912. 

Describes  the  phjrsiographic  featoros,  the  occurrence,  character,  and 
relations  of  Carboniferous  strata  and  Quaternary  deposits,  the  seolo^c 
structure  and  history,  and  the  mineral  resources,  chiefly  coal  and  clay. 

Sheldon,  G.  L. 

973.  Railroad  Valley  potash  fields  [Nye  Co.,  Nev.] :  Min.  and  Sci.  Press,  vol. 

105,  pp.  502-503,  October  19,  1912. 

Sheldon,  Pearl. 

974.  Some  observations  and  experiments  on  joint  planes:  Jour.   Geology, 

vol.  20,  nos.  1  and  2,  pp.  53-79,  104-190.  13  figs.,  1912. 

Describes  experiments  on  the  production  of  Joint  planes  and  dis- 
cusses the  results  and  the  application  to  Devonian  rocks  In  the 
Ithaca  region.  New  York. 

Shimek,  B. 
976.  Memoir  of  Samuel  Calvin:  Geol.  Soc.  America,  Bull.,  vol.  23,  no.  1, 
pp.  4-12,  1  pi.  (i)ort.),  March  14,  1912. 

Includes  a  list  of  his  writings. 

976.  Pleistocene  of  Sioux   Falls,   South   Dakota,  and  vicinity:  Geol.   Soc. 

America.  Bull.,  vol.  23,  no.  1,  pp.  125-154,  4  pis.,  1  fig.,  March  27, 
1912. 

977.  Mingling  of  Pleistocene  formations:  Geol.  Soc.  America.  Bull.,  vol.  23, 

no.  4,  PI).  709-712,  1  pi..  1  fig.,  December  4,  1912.  Abstract,  Science, 
new  ser.,  vol.  35,  p.  317,  February.  1912. 

Explains  how  the  mingling  of  Pleistocene  formations  In  sections 
exposed  at  Des  Moines,  Iowa,  and  at  Sioux  Falls,  S.  Dak.,  was  pro- 
duced by  glacial  action. 

978.  Loess  a  lithological  term:  Abstract,  Science,  new  ser.,  vol.  35,  p.  317, 

February  23,  1912.  Abstract  (with  discussion  by  F.  V.  Emerson,  G. 
Frederick  Wright,  and  Frank  Leverett)  :  Geol.  Soc.  America,  Bull., 
vol.  23,  no.  4,  pp.  738-739,  December  17,  1912. 

Siebenthal,  G.  E. 

979.  The  copper,  lead,  and  zinc  industries  of  the  South :  Manufacturers  Rec- 

ord, vol.  (il.  no.  7,  pt.  2,  pp.  Cl-(>;j,  February  22,  1012. 
Mineral  resources  of  the  United  States,  1911 :  liCad ;  zinc ;  culniium. 
See  no.  1127. 

Simmons,  Jesse. 

980.  The  Cambria  coal  field  in  Wyoming:  Coal  Age,  vol.  1,  pp.  706-768,  2 

figs.,  March  23,  1912. 

981.  The  Sheridan,  Wyo.,  coal  field:  Coal  Age,  vol.  1,  pp.  806-868,  4  figs., 

April  13.  1912. 

Simon,  A.  L. 

Gels,  gelatinous  quartz,  and  gold-ore  dei)08ltion.     See  Hatschek  and 
Simon,  no.  434. 
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pson,  H.  E. 

Underground  water  resources  of  Iowa.     See  Norton  and  others,  no. 
800. 

Sinclair,  William  J. 

082.  Ten  years*  progress  in  vertebrate  paleontology;  Contributions  to  geo- 

logic theory  and  method  by  American  workers  in  vertebrate 
paleontology:  Geol.  Soc.  America,  Bull.,  vol.  23,  no.  2,  pp.  262-260, 
June  1,  1912. 

083.  Some  glacial  deposits  east  of  Cody,  Wyoming,  and  their  relation  to  the 

Pleistocene  erosional  history  of  the  Rocky  Mountain  region:  Ab- 
stract, Science,  new  ser.,  vol.  35,  pp.  314-315,  February,  1012. 

084.  Some  glacial  deposits  east  of  Cody,  Wyoming,  and  their  relation  to  the 

Pleistocene  erosional  history  of  the  Rocky  Mountain  region  (ab- 
stract, with  discussion  by  W.  W.  Atwood) :  Geol.  Soc.  America, 
Bull.,  vol.  23^  no.  4,  p.  731,  December  17,  1912. 

Sinclair,  William  J.,  and  Granger,  Walter. 

085.  Notes  on  the  Tertiary  deposits  of  the  Bighorn  basin:  Am.  Mus.  Nat. 

Hist.,  Bull.,  vol.  31,  pp.  57-67,  2  pis.,  1  fig.,  1  mai),  1912. 

Sin^ewald,  Joseph  T.,  jr. 

086.  Origin  of  iron  ores:  Econ.  Geology,  vol.  7,  no.  2,  pp.  191-195.  February- 

March,  1912. 

087.  Some  genetic  relations  of  tin  deposits:  Econ.  (Jeology,  vol.  7,  no.  3, 

pp.  263-279,  April-May,  1912. 

088.  The  iron  ore  deposits  of  the  Cebolln  district,  Gunnison  County,  Colo- 

rado: Econ.  Geology,  vol.  7,  uo.  6,  pp.  560-573,  3  figs.  (incl.  map), 
September,  1912. 

Skertchly,  Sydney  A.  R. 
080.  The  Mexican  oil  fields:  Min.  Mag.,  vol.  7,  no.  3,  pp.  199-203,  2  figs., 
September,  1912. 

Smith,  Burnett. 

000.  Observations  on  the  structure  of  some  coral  beds  in  the  Hamilton  shale 

[of  New  York] :  Acad.  Nat.  Sci.  Philadeli)hia,  Proc,  vol.  64,  pt.  2, 
pp.  446-454,  2  pis.,  1  fig.,  August,  1912. 

Smixh,  Dwight  T. 

001.  Vein  systems  of  the  Comstock:  Eng.  and  Min.  Jour.,  vol.  94,  pp.  895- 

896,  November  9,  1912. 

Smith,  George  Otis. 

002.  Thirty-third  annual  report  of  the  Director  of  the  United  States  Geolog- 

ical Survey  to  the  Secretary  of  the  Interior  for  the  fiscal  year 
ended  June  30,  1912.    175  pp.,  2  maps.    Washington,  1912. 

An  administrative  report  summarizing  the  activities  of  the  Survey 
during  the  fiscal  year  1911-11)12. 

Ofl&.  The  policy  of  the  Geological  Survey :  Science,  new  ser.,  vol.  36,  pp.  401- 
403,  September  27,  1912. 

Smith,  James  Perrln. 
004.  On  the  distribution  of  Lower  Trlasslc  faunas:  Jour.  Geology,  vol.  20, 
no.  1,  pp.  13^20,  1912. 
.   005.  The  occurrence  of  coral  reefs  in  the  Trlasslc  of  North  America :  Am. 
Jour.  Sci.,  4th  ser.,  vol.  33,  pp.  92-96,  February,  1912. 
006.  Geologic  range  of  Miocene  invertebrate  fossils  of  California :  California 
Acad.  Sci,  Proc.,  vol.  3,  pp.  161-182,  April  5,  1912. 
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Smith,  PhUip  S. 

997.  Glaciation  in  northwestern  Alaska:  Geol.  Soc.  America,  Bull.,  vol.  23, 

no.  4,  pp.  563-570,  3  pis.,  1  flg.  (map),  November  12, 1912;  Abstract, 
Science,  new  ser.,  vol.  35,  p.  314,  February  23,  1912. 

998.  The  Alatna-Noatak  region  [Alaska] :  U.  8.  Geol.  Survey,  Bull.  520,  pp. 

315-^338, 1  pi.  (map),  1912;  Abstract,  Washington  Acad.  Sci.,  Jour., 
vol.  2,  no.  18,  pp.  438-439,  November  4,  1912. 

Describes  the  stratigraphy  of  the  region  and  the  economic  prospects. 

999.  Notes  on  mining  in  Seward  Peninsula  [Alaska] :  U.  S.  Ool.  Survey. 

Bull.  520,   pp.   339-544,   1912. 

1000.  Fall  of  volcanic  ash  on  Seward  Peninsula,  Alaska :  Washington  Acad. 

Sci.,  Jour.,  vol.  2,  no.  16,  pp.  406-407,  October  4,  1912. 

1001.  Geology  of  the  Koyukuk-Kobuk  region,  Alaska :  Abstract,  Min.  and 

Eng.  World,  vol.  36,  p.  819,  April  23,  1912. 

Smith,  R.  A. 

Michigan  coal ;  Michigan  gypsum ;  oil  and  gas  in  Michigan.  See  Allen 
and  others,  no.  13. 

Smith,  W.  S.  Tangier.   . 

1002.  The  teaching  of  economic  geology  (discussion)  :  Econ.  Geology,  vol.  7, 

no.  3,  pp.  297-298,  April-May,  1912. 

1003.  Origin  of  the  sandstone  at  the  state  prison  near  Carson  City,  Nevada : 

Abstract,  (Jeol.  Soc.  America,  Bull.,  vol.  23,  no.  1,  p.  73,  March  14, 
1912. 

Smyth,  C.  H.,  Jr. 

1004L  On  the  genesis  of  the  pyrite  deposits  of  St.  Lawrence  County:  New 
York  State  Mus.,  Bull.  158,  pp.  143-183, 12  pis.,  5  flgs.,  1912. 

Snider,  L.  C 

1005.  Preliminary  report  on  the  lead  and  zinc  of  Oklahoma :  Oklahoma 

Geol.  Survey,  Bull.  no.  9,  97  pp.,  16  figs.,  Norman,  July,  1912. 

Soper,  Edgar  K. 

1006.  The  geology  and  mining  of  clay :  Eng.  and  Min.  Jour.,  vol.  93.  pp.  263- 

267.  February  3,  1912. 

1007.  Modern  theories  of  ore  dejwsition :  Mexican  Min.  Jour.,  vol.  14,  nos.  2 

and  3,  pp.  22-26,  38-43.  February  and  March,  1912:   Mines  and 
Methods,  vol.  3,  no.  8,  pp.  449-457,  April,  1912. 

Spencer,  Arthur  C. 

Occurrence,  origin,  and  character  of  the  surficial  iron  ores  of  Cama- 
guey  and  Oriente  Provinces,  Cuba :  Am.  Inst.  Min.  Eng..  Trans., 
vol.  42,  pp.  103-109,  1912.  See  no.  1044  of  the  bibliography  for 
1911,  U.  S.  Geol.  Survey,  Bull.  524. 

Spencer,  Joseph  William  Wlnthrop. 

1008.  Postglacial  erosion  and  oxidation    (discussion)  :  Geol.  Soc.  America. 

Bull.,  vol.  23,  no.  2,  p.  296,  June  1,  1912. 

1009.  Hanging  valleys  and  their  preglacial  equivalents  In  New  York:  (Jeol. 

Soc.  America,  Bull.,  vol.  23,  no.  4.  pp.  477-486,  3  figs.,  October  12. 

1912 :  Abstract,  Science,  new  ser.,  vol.  35,  p.  316.  February  23,  1912. 

Discusses  the  origin  of  the  Lalses  Cayuga  and  Seneca  and  presents 
evidence  to  show  that  the  hanging  valleys  In  New  York  are  not  due  to 
glacial  deepening  of  lake  basins. 
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Spencer,  Joseph  William  Winthrop-TOontlnued. 

1010.  Covey  HiU  reyisited  (with  discussion  by  J.  B.  Woodworth,  H.  L.  Fair- 

child,  and  the  author,  on  p.  722) :  Geol.  Soc.  America,  Bull.,  vol  23, 
no.  4,  pp.  471-476,  1  flg.,  October  32,  1012;  Abstract,  Bcl^ice,  new 
ser..  vol.  35,  pp.  310-311.  February  23,  1912. 

DIscnsBes  the  beaches  on  Covey  Hill,  in  Quebec,  near  the  International 
boundary. 

Suboceanic  physical  features  off  the  coast  of  North  America  and  the 
West  Indian  Islands.    See  Hull,  no.  522. 

Sperr,  F.  W. 

1011.  Failures  of  the  rule  of  following  the  hanging  in  the  development  of 

Lake  Superior  copper  mines  (with  discussion)  :  liUke  Superior 
Mln.  Inst,  Proc.,  vol.  17,  pp.  238-246,  3  figs.,  1912. 

Includes  notes  on  faulting  and  the  occurrence  of  the  copper  ores. 

Sperry,  Edwin  A. 

1012.  Investigation  of  Feather  River  black  sands  [California! :  Min.  and 

Sci.  Press,  vol.  105,  pp.  624-626,  2  flgs.,  November  16.  1912. 

Springrer,  J.  F. 

1013.  Asbestos,  its  production  and  Industrial  applications:  Cassier*s  Mag., 

vol.  42,  no.  4.  pp.  298-309,  12  figs.,  October,  1912. 

1014.  The  production  and  uses  of  mica:  Ca8Sier*8  Mag.,  vol.  42,  no.  5,  pp. 

444-448,  November,  1912. 

Spurr,  J.  E. 

1015.  Theory  of  ore  deiwsition:  Econ.  Geology,  vol.  7,  no.  5,  pp.  485-492, 

August,  1912. 

• 

Spurr,  J.  R,  Garrey,  G.  H.,  and  Penner,  CJlnrence  N. 

1016.  Study  of  a  contact  meUimorphio  ore  dejwsit;   the  Dolores  mine,  at 

Matehnala,  S.  L.  P.,  Mexico:  Econ.  Geology,  vol.  7,  no.  5,  pp.  444- 
484,  3  figs.,  August,  1912. 

Staff,  Hans  von. 

1017.  Monographic  der  BMsulluen,  Tell  III;  Die  Fusulinen  (Schellwienien) 

Nordamerikas :  Palaeontographioa,  Bd.  59,  L.  3-^,  pp.  157-191,  6 
pis.,  17  figs.,  April,  1912. 

Stansfield,  John. 

1018.  Certain  mica,  graphite,  and  apatite  deposits  of  the  Ottawa  Valley,  and 

an  occurrence  of  Kozoon  cnmuUusv:  Canada  (iet>l.  Survey,  Snmm. 
Kept..  1911,  pp.  280-285,  1912. 

StatZy.  B.  A. 

1010.  The  new  placer  mining  district,  New  Mexico:  Min.  Science,  vol.  66. 
p.  167,  September  12,  1912. 

OIveH  notes  on  placerB  in  Santa  Fe  County,  N.  Mex. 

1020.  Hell  Canyon  mining  district.  New  Mexico :  Min.  Science,  vol.  60,  p.  201, 

September  26,  1912. 

Gives  notes  on  the  character  and  occurrence  of  tho  copper  ores. 

1021.  Cteology  of  the  Ck)chita  mining  district.  New  Mexico :  Min.  Science,  vol. 

66,  pp.  276-277,  1  fig.,  October  31.  1912. 

1022.  Geology  of  the  Magdalena  district.  New  Mexico :  Min.  Science,  vol.  66, 

pp.  406-407,  1  fig.,  December  26,  1912. 
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Stauffer,  Clinton  R. 

1023.  The  Devonian  of  sonthwestern  Ontario :  Canada  Geol.  Sun'ey.  Summ. 

Kept..  1011.  pp.  20J>-272.  1012. 

1004.  Orislcany  sandstone  of  Ontario:  Geel.  Soc.  America.  Bull.,  vol.  23,  no.  3. 

pp.  371-376,  July  20,  1912. 

Discusses  the  relations  of  the  Oriskany  and  Onondaga  formations  in 
Ontario. 

Stauller,  Clinton  R.,  Hnbbard,  George  D.,  and  Bownocker,  J.  A. 
1085.  Geology  of  the  Columbus  quadrangle:  Ohio  Geol.   Survey,  4th  ser., 
Bull.  14,  133  pp.,  28  pis..  IG  figs..  3  maps  (in  pocket),  1911. 

Stebinger,  Eugene. 

1026.  The  Sidney  lignite  field,  Dawson  County,  Montana :  U.  S.  Geol.  Sur- 

vey, Bull.  471,  pp.  284-318,  4  pis.  (map  and  sections).  1  fig.,  1912. 

Steel,  A.  A. 

1027.  Coal  mining  in  Arlsansas,  Part  I:  Arkansas,  Geol.  Survey.  632  pp., 

14  pis.,  00  figs.,  1910  [published  1012?!. 

Stefanini,  G. 

1028.  Sugli  echini  terzlari  deirAmerica  del  Xord :  Soc.  Geol.  Italiana,  Boll., 

vol.  30.  pp.  677-714,  1  pi.,  1012. 

Gives  a  revision  of  American   Tertiary   echinids.  including;  descrip- 
tions of  several  species,  one  new,  Clypcqstcr  dourWcl. 

Stephenson,  L.  W. 

The   Coastjil    Plain    of  North   Carolina;    tlie   Cretaceous   formations; 
I^fayette  formations;  Quaternary.    See  Clark  and  others,  no.  103. 

Stephenson,  L.  W.,  and  Johnson,  B.  L. 

Water  resources  of  the  Coastal  Plain  of  North  Carolina.    See  Clark 
and  others,  no.  103. 

Sterrett,  Douglas  B. 

1029.  Gems  and  precious  stones:  U.  S.  GeoL  Survey,  Min.  Res.  U.  S.,  1011, 

pt.  2,  pp.  1037-1078.  1012. 

1030.  An  occurrence  of  emeralds  in  North  Carolina :,  Abstract,  Washington 

Acad.  Sci..  Jour.,  vol.  2,  no.  14,  pp.  360-361,  August  10,  1012. 
Mineral   resources  of  the  Ignited  States,  1911 :   Gems  and  precious 
stones ;  mica  ;  monazite  and  zircon.     See  no.  1127. 

Stevens,  Blamey. 

1031.  Replacement  ore  bodies    (discussion)  :  Econ.   Geology,  vol.  7,  no.  2, 

pp.  105-201,  1  fig.,  February-March,  1012. 

1032.  The  laws  of  igneous  emanation  pressure:  Am.  Inst.  Min.  Eng.,  Bull., 

no.  (54.  pp.  411-427,  2  pis.,  11  figs.,  April,  1012;  Trans.,  vol.  43,  pp. 
167-183,  2  pis..  11  figs.,  1013. 

1033.  Physical  data  of  igneous  emanation:  Am.  Inst.  Min.  Eng.,  Bull.,  no. 

64,  pp.  421MaS,  2  figs.,  April,  1012;  Trans.,  vol.  43.  pp.  184-103,  2 
figs.,  1013. 

Stevens,  Neil  E. 

1034.  Notes  on  the  structure  and  glaclation  of  Overlook  Mountain   [New 

York] :  New  York  Acad.  Sci.,  Annals,  vol.  22.  pp.  250-266,  4  figs.. 
October  15.  1012. 

1035.  A  iMilm  from  the  upper  Cretaceous  of  New  Jersey :  Am.  Jour.  Sci.,  4th 

ser.,  vol.  34,  pp.,  421-436,  24  figs.,  November,  1012. 
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Stevenson,  John  J. 

1086.  The  formation  of  coal  beds.  III:  Am.  Phlloa  Soc..  Proc.,  vol.  61,  no. 

207,  pp.  423-553,  1912. 

Stewart,  G.  A. 

1087.  The  geology  and  ore  deposltB  of  the  Silverbell  mining  district,  Arizona : 

Am.  Inst.  Min.  Eiig.,  Bull.,  no.  05.  pp.  455-505,  18  flgs..  May,  1912; 

Trans.,  vol.  43.  pp.  240-290,  18  flgs.,  1913. 
1038.  Geology  in  the  examination  of  prospects:  Min.  and  Sci.  Press,  vol. 

104,  pp.  622-623,  May  4,  1912. 
1030.  Geology  of  ore  deposits  of  Silverbell  district,  Arizona :  Min.  and  Eag, 

World,  vol.  36,  pi>.  1104-1107,  1147-1150.  7  figs..  May  25  and  June  1, 

1912. 
Note  on  the  effect  of  calcite  gangue.    See  Welsh  and  Stewart,  no.  1181. 

Stewart,  R.  B. 

1040.  West    Shiningtree   gold    district:    Ontario,    Bur.    Mines,    Twenty-first 

Ann.  Kept.,  vol.  21.  pt.  1,  pp.  271-277,  2  pis.  (maps),  1912. 

Describefl  the  xeology  of  the  district  and  the  occurrence  of  gold. 

Stinee,  Norman  C. 

1041.  The  camp  of  High  Grade  in  northern  California  ;  historical  facts  and  a 

description  of  the  geology  of  the  Hoag  district  in  Modoc  County: 
Min.  S<ience,  vol.  65,  pp.  27-29,  1  fig.,  January  11,  1912. 

1042.  Geology  of  High  Grade  district  [California] :  Mining  Investor,  vol.  66, 

no.  12,  pp.  192-193.  May  6,  1912. 

Stoek,  H.  H. 

1043.  Geology,  mining,  and  prepjiration  of  anthracite:  Western  Soc.  Eng., 

Jour.,  vol.  17,  no.  8,  pi).  705-724,  12  flgs.,  ()ctol)er,  1912. 

Stoltz,  (5uy  C. 

1044.  The  Cheever  mines.  Port  Henr>',  N.  Y. :  Eng.  and  Min.  Jour.,  vol.  92, 

pp.  809-812,  5  flgs.,  October  21,  1911. 

IncludoH  notes  on  the  geology  of  the  maKnetltc  ore  bodies. 

Stone,  Ralph  W. 

1045.  Coal  near  the  Black  Hills,  Wyoming-South  Dakota :  U.  S.  Geol.  Sur- 

vey, Bull.  499,  66  PI).,  7  pis..  8  flgs.,  1912;  Abstract,  Washington 
Acad.  Sci.,  Jour.,  vol.  2.  no.  15.  pp.  3S9-390,  September  19,  1912. 

1046.  Coal  on  Dan  River,  North  Carolina:  U.  S.  Geol.  Survey,  Bull.  471, 

pp.  137-169,  1  pi.  (map),  4  flgs.,  1912. 

1047.  Classification  of  metalliferous  mineral    lands:  Abstract,   Washington 

Acad.  Sci.,  Jour.,  vol.  2,  no.  14,  p.  361,  August  19,  1912. 

Stone,  S.  R. 

1048.  Phosphate  dei>osits  and  mining  methods  in  the  United  States:  Min. 

and  Eng.  World,  vol.  36,  pp.  511^512.  March  2,  1912. 

Stopes,  Marie  C. 

1048.   Paleobotany  versus  stratigraphy  in  New  Brunswick:  Geol.  Mag.,  dec. 
5,  vol.  9,  no.  10,  pp.  467-468,  October,  1912. 

Outline  of  a  memoir  discussing  the  age  of  certain  beds. 

Stonily  Li.  W. 

1050.'  The  Valdez  gold-mining  district,  Alaska :  Min.  and  Eng.  World,  vol. 
36,  pp.  663-655,  3  flgs.,  March  23,  1912. 
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Storms,  William  H. 

1051.  Mineral  deposits  of  the  Sierra  Nevada,  California:  Min.  and  Eng. 

World,  vol.  36,  pp.  121-122.  January  20,  1912. 

1052.  The  High  Grade  mining  district   [Modoc  County,  California] :   Min. 

and  Sci.  Press,  vol.  105,  pp.  27a-275,  3  flgs.,  August  31,  1912;  Mines 
and  Methods,  vol.  4.  no.  1,  pp.  22-24,  2  flga,  September,  1912. 

Includes  notes  on  the  local  geiAogy  and  the  occurrence  of  the  gold 
ores. 

1053.  Possibilities  of  the  Mother  Ijctde  in  depth:  Min.  and  Sci.  Press,  vol. 

105,  pp.  459-402,  3  figs.,  October  12,  1912. 

Includes  notes  on  the  local  geology  and  the  occurrence  and  char- 
acter of  the  ore  bodies. 

1054.  The  Helester  mines  of  California :  Eng.  and  Min.  Jour.,  vol.  92,  p.  858, 

October  28,  1911. 

Includes  notes  on  the  geology  of  the  gold-ore  deposits. 

1055.  The  California  State  Mining  Bureau:  Min.  and  Sci.  Press,  vol.  105. 

pp.  821-823,  December  28,  1012. 

Stose,  George  W. 

1056.  Description  of  the  Apishapa  quadrangle  [Colorado] :  U.  S.  Geol.  Sur- 

vey, Geol.  Atlas  U.  S.,  Apishapa  folio  (no.  186),  12  pp.,  4  pis. 
(maps  and  illus.).  20  figs.,  1912. 

Describes  the  topography  and  drainage,  the  stratigraphy  of  Creta- 
ceous, Tertiary,  and  Quaternary  formations,  the  geologic  structure,  the 
igneous  rocks,  the  geologic  history,  and  the  mineral  resources. 

1057.  The  salt  and  gypsum  dei)osits  of  southwestern  Virginia:  Abstract, 

Washington  Aaid.  Sci.,  Jour.,  vol.  2.  no.  14,  p.  361,  August  19,  1912. 
A  Mississippian  delta.    See  Branson,  no.  103. 

Stose,  George  W.,  and  Swartz,  Charles  K. 

1058.  Descrii)tioTi   of  the  Pawpaw   and   Hancock   quadrangles    [Maryland- 

West  Virginia-Pennsylvania  1 :  V.  S.  (Jeol.  Survey,  (ieoL  Atlas  V.  S., 
Pawpaw-Hancock  folio  (no.  179),  24  pp.,  11  flgs..  0  pis.  (maps^ 
sections,  and  illustrations),  1912;  field  edition,  17C  pp.,  11  flgs., 
20  pis.,  6  folded  maps  (in  pocket),  1912;  Abstract.  Washington 
Acad.  Sci.,  Jour.,  vol.  2,  no.  10,  j).  410,  October  4,  1912. 

Describes  the  topography,  the  character,  occurrence,  and  relations 
of  Caml)rlan,  Ordoviclan.  Bilurlan,  Devonian,  and  Carboniferous  forma- 
tions, and  of  Tertiary  and  Quaternary  deposits,  the  geologic  structure, 
the  geologic  history,  and  the  mineral  resources. 

Stutzer,  O. 

1059.  The  origin  of  sulphur  dei)oslts  (translated  by  W.  C.  Phalen)  :  Ek!on. 

(Jwlogy,  vol.  7,  no.  8,  pp.  732-743,  4  flgs.,  December,  1912. 

1060.  Amerikanisclies  Kalisalz:   Kali,  Jg.  6,   II.   12,  pp.  294-295,  June  ir>; 

H.  17,  pp.  4:{2-4:W,  September  1,  1912;  Jg.  7,  H.  3,  pp.  49-50, 
February  1,  1913. 

Discusses  the  exploration  for  potash  salts  in  western  United  States. 

Sullivan,  George  M. 

Report  on  the  coal  field  adjacent  to  Pineville  Gap  in  Bell  and  Knox 
counties.    See  Crandall  and  Sullivan,  no.  232. 

Surr,  (Tordoii. 

1061.  The  search  for  i)otash  in  westeili  United  States:  Min.  and  Eng.  World, 

vol.  37,  pp.  103-104,  July  20,  1912. 
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Swartz,  Charles  K. 

DeecriptioD  of  the  Pawpaw  and  Hancock  quadrangles    See  Stose  and 
Swartz,  no.  1058. 

Tahnage,  James  E. 

1062.  The  Deseret  Museum:  Deseret  Museum  Bull.,  new  ser.,  no.  1,  32  pp. 

22  flgs.,  AuRust  16,  1911. 

Includes  an  account  (pp.  26-28)  with  flji^res  of  mammoth  selenlte 
crystals  from  southern  Utah. 

Tarr,  Ralph  S. 

1063.  The  glaciers  and  glaclntion  of  Alaska:  Science,  new  ser.,  vol.  35,  pp. 

241-258,  February  16,  1912. 

1064.  The  larger  physiographic  features  of  New  York :  Jour.  Oeog.,  vol.  10, 

no.  7,  pp.  209-213,  March,  1912. 

1065.  The  theory  of  advance  of  glaciers  in  response  to  earthquake  shaking : 

Zeitschr.  Gletscherkunde,  Bd.  5,  H.  1,  pp.  1-35,  9  flgs,  September, 
1910. 

Includes  data  on  the  glaciers  of  Yakutat  Bay  region,  Alaska. 

Tarr,  Ralph  S.,  and  Martin,  Lawrence. 

1066.  The  earthquakes  at  Yakutat  Bay,  Alaska,  in  September,  1899 ;  with  a 

preface  by  G.  K.  Gilbert :  U.  S.  Geol.  Survey,  Prof.  Paper  no.  69, 
135  pp.,  33  pis.,  5  figs.,  1912;  Abstract,  Washington  Acad.  Scl., 
Jour.,  vol.  2,  no.  17.  pi>.  421-422,  October  19,  1912. 

1067.  Glacial  deix)sits  of  the  continental  type  In  Alaska :  Abstract,  Science, 

new  ser.,  vol.  35,  p.  313,  February  23,  1912;  Abstract  (with  dis- 
cussion by  C.  A.  Davis  and  \V.  M.  Davis),  Geol.  Soc.  America,  Bull., 
vol.  23,  no.  4,  pp.  729-730,  1912. 

Tarr,  Ralph  S.  and  Bich,  John  L. 

1068.  The  properties  of  ice ;  experimental  studies :  Zeitschr.  Gletscherkunde, 

Bd.  6,  II.  4,  pp.  225-249,  15  flgs.,  April,  1012. 

Tarr,  W.  A. 
1060.  The  lack  of  a.ssociatlon  of  the  Irregularities  of  the  lines  of  magnetic 
declination  and  the  i>etr(>leuni  fields:  Econ.  (ieology,  vol.  7,  no.  7, 
pp.  647-^1,  3  flgs.,  October-November,  fD12. 

Taylor,  Charles  F.,  and  Booth,  William  M. 

1070.  The  Ontario  iron  mine.  New  York:  Kng.  and  Mln.  Jour.,  vol.  94,  pp. 

893-895,  6  flgs.,  November  'l2,  1912. 

Taylor.  Frank  B. 

1071.  Pleistocene  deix)sits  of  southwestern  Ontario:  Canada  Geol.  Survey, 

Summ.  Rept..  1911,  pp.  262-268,  1912. 

1072.  Recent  studies  of  the  moraines  of  Ontario  and  western  New  York : 

Abstract,  Science,  new  ser.,  vol.  35.  p.  315,  February  23,  1912; 
(title  only;  discussion  by  H.  L.  Fairchild)  :  Geol.  Soc.  America, 
Bull.,  vol.  23,  no.  4,  pp.  736-737,  December  17.  1912. 

Taylor,  H.  B. 

1073.  A  study  of  ores  from  Austin,  Nev. :  School  of  Mines  Quart,  vol.  34, 

no.  1,  pp.  32-39,  6  flgs.,  November,  1912. 

Describes   the  character,   mineralogy,    and   occurrence  of  the  silver 
ores. 

Tharp,  W.  B.,  and  Mann,  Charles  J. 

1074.  Soil  survey  of  Greene  County:  Indiana,  Dept.  Geology  and  Nat.  Res., 

36th  Aim.  Rept,  pp.  408-i46,  1  pi.  (map),  1  flg.,  1912. 
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Thiessen,  Reinhardt 

1075.  On  certain  conRtitiients  and  the  genesis  of  coals:  Abstract,  Washing- 

ton Acad.  Scl.,  Jour.,  vol.  2,  no.  9.  pj).  232-233,  May  4,  1912. 

Thomas,  A.  O. 

1076.  Additional  evidence  of  unconformity  between  the  Cedar  Valley  and 

Lime  Creek  stages  of  the  Devonian  of  Iowa  :  Abstract,  Science,  new 
ser.,  vol.  36,  pp.  569-570,  October  25,  1912. 

1077.  Some  notes  on  the  Aftonian  mammals:  Abstract,  Science,  new  ser., 

vol.  36,  p.  570,  October  25,  1912. 
Underground  water  resources  of  Iowa.    See  Norton  and  others,  no. 
800. 

Thomas,  Kirby. 

1078.  Vanadium  In  southwestern  Colorado:  Mln.  and  Scl.  Press,  vol.  104, 

p.  168,  January  27,  1912. 

1079.  The  Cuyuna  Iron  range:  Mln.  and  Scl.  Press,  vol.  105,  pp.  52-53,  July 

13,  1912. 

1080.  The  Sudbury  nickel  district,  Ontario,  Canada:  Mln.  and  Scl.  Press, 

vol.  105,  p.  433,  1  flg.,  October  5,  1912. 

Includes  notes  on  the  local  geology  and  the  occurrence  of  the  nickel 
ores. 

Thompson,  Arthur. 

1081.  The  Katalla,  Alaska,  oil  field:  Mln.  and  Scl.  Press,  vol.  105,  pp.  169- 

170,  3  figs.,  August  10,  1912. 

Thompson,  W.  P. 

1082.  The  structure  of  the  stomata  of  certain  Cretaceous  conifers :  Bot.  Ga- 

zette, vol.  54,  no.  1,  pp.  63-67,  2  pis.,  July,  1912. 

Thomson,  EHlhu. 

1083.  The  fall  of  a  meteorite:  Am.  Acad.  Arts  and  Scl.,  Proc.,  vol.  47,  no.  19, 

pp.  721-733,  March,  1912. 

Presents    and   discusses   evidence   for   the   origin   of   Meteor    Crater 
(Coon  Butte),  Ariz.,  by  meteoric  Impact. 

Thomson,  Robert  Boyd,  and  Allin,  Arthur  Everett. 

1084.  Do  the  Abletlneffi  extend  to  the  Carboniferous?:  Bot.  Gazette,  vol.  53, 

no.  4,  pp.  339-344,  1  pi..  2  figs.,  Ai)ril,  1912:  Abstract,  Science,  new 
ser.,  vol.  35,  p.  159,  January  26,  1912. 

Thwaites,  Turville  Fredrik. 

1085.  Sandstones  of  the  Wisconsin  coast  of  Lake  Superior:  Wisconsin  Geo!. 

and  Nat.  Hist.  Survey,  Bull.  no.  25  (Scl.  Ser.  no.  8).  117  pp.,  23  pis., 

10  figs.,  1  map  (in  pocket),  1912. 

Describes    the   stratigraphy,    structure,   and    relations   of   the   sand- 
stones along  the  shore  of  Lake  Superior  In  Wisconsin. 

Map  of  Wisconsin  showing  geology  and  roads,  1911.     See  Hotchkiss  and 
Thwaites,  no.  501. 

Tibby,  B.  F. 

Field  classification  of  igneous  rocks.     See  Johnson  and  Tlbby,  no.  553. 

Tilton,  John  L. 

1086.  The  first  reiwrted  i)et rifled  American  I^epidostrobus  is  from  Warren 

County,  Iowa :  Iowa  Acad.  Scl.,  Proc.,  vol.  19,  pp.  163-165,  1912. 
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Todd,  Charles  A. 
1067.  A  problematical  geological  phenomenon  in  Ck)lorado :  Abstract,  Science, 
new  ser.,  vol.  35,  p.  715,  May  3,  1912. 

Todd,  J.  E. 

1088.  Pre-Wisconsin  channels  in  southeastern  South  Dakota  and  northeast- 

em  Nebraska :  Geol.  Soc.  America,  Bull.,  vol.  23,  no.  3,  ijp.  403-470, 
3  pis.,  September  26,  1912. 

ToU,  R.  H. 

1089.  Mineral  Hill,  Nevada :  MIn.  and  Sci.  Press,  vol.  104,  pp.  88^-889,  1  flg., 

June  29,  1912. 

Includes  notes  on  the  local  geology. 

Tolman,  C.  F. 

1090.  Magmatic  origin  of  ore-forming  solutions:  Min.  and  Sci.  Press,  vol. 

104.  pp.  401-404,  March  16,  1912. 

1091.  The  teaching  of  economic  geology  (discussion)  :  Econ.  Geology,  vol.  7, 

no.  4,  pp.  393-399,  June,  1912. 

1092.  Persistence  of  ore  in  depth:  Min.  and  Sci.  Press,  vol.  105,  pp.  311- 

312,  September  7,  1912. 

1093.  An   Arizona    earthquake    [August   18.    39121 :    Seism.    S<x?.    America, 

Bull.,  vol.  2,  no.  3,  pp.  209-^0,  September,  1912. 

Tovote,  W.  li. 

1094.  Magmatic  origin  of  ore-forming  solutions:  Min.  and  Sci.  Press,  vol. 

104,  pp.  601-602.  April  27,  1912. 

1095.  Types  of  jjorphyry  copi)er  deposits:  Min.  and  Sci.  Press,  vol.  104,  1  flg.. 

May  la  1912. 

TristAn,  J.  Fidel. 

1096.  Continuaci6n  de  la  lista  de  temblores. — Cleto  Gonzdlez  Viquez,  Tem- 

blores,  terremotos,  Inundacioues,  y  erupciones  volciinicas  en  Costa 

Rica,   1608-1910:    Costa   Rica,    Centro  de   Kstudlos   Sisnioldglcos, 

Anales,  afio  1911,  pp.  16-17,  1912. 

A    list    of   earthquakes   during   November    and    December,    1010,    in 
Costa  Rica. 

1097.  Apuntes  sobre  el  temblor  del  25  de  Agosto:  Costa  Rica,  Centro  de 

Estudios  Sismol6gico8,  Anales,  afio  1911,  pp.  4:^4,5,  1912. 

Oivea  data  on  the  earthquake  of  August  25,  1011,  In  Costa  Rica. 

1098.  Notas  sobre  el  terremoto  de  Guatuso  10  de  octubre  de  1911 :  Costa 

Rica,  Centro  de  Estudios  Si8uiol6gic()8.  Anales,  afio  1011.  pp.  47-51, 

1  fig.,  1912. 

Gives    data   on    the   earthquake   of   October    11,    1011,    of    Ouatuso, 
Costa  Rica. 

1099.  Actividad  sfsmica  en  Costa  Rica,  1910-1011:  Costa   Rica.  Centro  de 

Estudios  Sismol6gico8,  Anales,  afio  1911,  pp.  511-59,  1012. 
Discusses  earthquakes  In  Costa  Rica  during  lOlO-lOll. 

1100.  El  temblor  del  21  de  junio  de  1900:  Costa  Rica.  Centro  <le  Estudios 

Sismol6gicos,  Anales,  afio  1911,  i)i).  01-62,  1912. 

Gives  notes  on  the  earthquake  of  June  21,  1900,  In  Costa  Rica. 

1101.  Apuntes  acerca  del  antlguo  volcdn  "  Reventado  *' :  Costa  Rica,  Centro 

de  Estudios  Sismol6jijicos,  Anales,  afio  1011,  pp.  03-65.  1012. 

Gives   observations   on   phenomena    observed   In   the   crater   of   the 
volcano  **  Reventado." 
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Trist&n,  J.  Fidel,  and  BioUey,  Pablo. 

1102.  Registro  de  temblores,  1911:  CJosta  Rk'u,  Ceiitro  de  Kstudios  Si8iiiol6- 

glcos,  Anales,  afio  1911,  pp.  18-32,  1912. 

A  list  of  earthquakes  in  Costa  Rica  durlofi^  1011   as  registered  at 
seismological  stations. 

Trist&n,  J.  Fidel,  Biolley,  Pablo,  and  Cots,  Cesar. 

1103.  The  Sarchi  earthquake,  CosUi  Rica:  Seism.  Soc.  America.  Bull.,  vol.  2, 

no.  3.  pp.  201-208,  September,  1912. 

« 

Trowbridge,  Arthur  C. 

1104.  Geologj-  and  geography  of  the  Wheaton  quadrangle:  Illinois  State  Geol. 

Survey,  Bull.  no.  19,  79  pp.,  12  pis.,  17  figs.,  1912. 

True,.  Fretlerick  W. 

1105.  Description  of  a  new  fossil  porpoise  of  the  genus  Delphinodon  from 

the  Miocene  formation  of  Maryland :  Acad.  Nat.  Sci.  Philadelp*iia, 
Jour.,  2d  ser.,  vol.  15,  pp.  1G3-194.  10  pis.,  1912;  Abstract,  Acad. 
Nat.  Sci.  Philadelphia,  Proc.,  vol.  64,  pt.  1,  pp.  135-136,  1912. 

1106.  The  genera  of  fossil  whalebone  whales  allied  to  Balaenoptera :  Smith- 

sonian Misc.  Coll.,  vol.  59,  no.  6,  pp.  1-8,  April  3,  1912. 

1107.  Ten  years*  progress  in  vertebrate  paleontology;    Marine  mammals: 

Geol.  Soc.  America,  Bull.,  vol.  23,  no.  2,  pp.  197-200.  June  1,  1912. 

1108.  On  the  correlation  of  North  American  and  European  genera  of  fossil 

cetaceans:-  Abstract,  Intern.  Zool.  Congress,  Seventh.  Boston,  190Tf 
Proc.,  pp.  779-781,  Cambridge,  U.  S.  A.,  1912. 

Trueman,  J.  D. 
1100.  The  value  of  certain  criteria  for  the  determination  of  the  origin  of 
foliated  crystalline  rocks:  Jour.  Geology,  vol.  20,  nos.  3  and  4,  pp. 
228-258,  300-315,  12  figs.,  1912. 

Turner,  H.  W. 

1110.  Replacement  of  siliceous  rock  by  pyrite  (discussion)  :  Ecou.  Geology, 

vol.  7,  no.  7,  p.  700,  October-November,  1912. 

1111.  Gossan  outcrops  of  cupriferous  pyrite:  Min.  Mag.,  vol.  7,  no.  5,  pp. 

357-361,  3  figs.,  November.  1912. 

Turner,  James  W. 

1112.  Wonders  of  the  great  Mammoth  Cave  of  Kentucky,  containing  thor- 

ough and  accurate  historical  and  descriptive  sketches  of  this  mar- 
velous underground  world,  with  a  chapter  on  the  geology  of  cave 
formation.  116  pp.,  5  pis.  Carrier  Mills,  111.,  Turner  Publishing 
Company,  1012. 

Tuttle,  Edgar  G. 

1113.  The  Magdalena  mining  district.  New  Mexico:   Mines  and   Minerals, 

vol.  as.  pp.  275-277,  3  figs..  December,  1912. 

Twenhofel,  William  H. 

1114.  Physiography   of   Newfoundland:  Am.    Jour.    Sci.,   4th    ser.,    vol.   33, 

pp.  1-24,  January,  1912. 
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.  Tyrrell,  J.  B. 

1115.  Vein  formation  in  Cobalt:  Canadian  Min.  Jour.,  vol.  33,  pp.  :^71-172, 

March  1.  1912. 

1116.  Law  of  the  pay  streak  in  placer  deposits:  Min.  and  Sci.  Press,  vol. 

104,  pp.  7«a-762,  9  figs.,  June  1.  1912. 

.  Udden,  Johan  A. 

1117.  Geology  and  mineral   resources  of  the  Peoria  quadrangle,   Illinois: 

r.  S.  (Jeol.  Survey,  Bull.  rKKi,  103  pp.,  9  pis.  (incl.  maps),  10  figs., 
1912;  Abstract  (by  David  White),  Washington  Acad.  Sci.,  Jour., 
vol.  2,  no.  18,  p.  440,  November  4,  1912. 

\        1118.  The  eastward   extension  of   the   Swet»tland   Creek   shale   in   Illinois: 

Illinois  Acad.  Sd.,  Trans.,  vol.  4,  i)p.  ia3-107,  1912. 

De«orll)e8  tbo  occurrence  In  outcrop  of  the  shale  in  Iowa  and  Its 
eastward  extension  in  Illinois  as  shown  by  borings. 

1119.  Oil  and  gns  fields  of  Wichita  and  Clay  counties,  Texas:  Min.  and  Eng. 
World,  vol.  30,  p.  767,  April  6,  1912. 

11520.  Potash  in  the  Permian  rocks  of  Texas:  The  American  Fertilizer,  vol. 

37,  no.  12,  pp.  40-41,  December  14,  1912. 

Gives  notes  on  the  strata  penetrated  in  a  Iwrlnj?  at  Spur,  Dickens 
Co.,  Tex.,  and  the  potash  content  of  samples  of  water  taken  from  the 
well. 

Udden,  Johan,  assisted  by  Phillips,  Druiy  McN. 

1121.  A  reconnaissance  reiH>rt  on  the  geology  of  the  oil  and  gas  fields  of 

Wichita  and  Clay  counties.  Texas:  Texas,  Univ.,  Bull.  no.  246 
(Scient  ser.  no.  23),  308  pp.,  26  pis.  (incl.  maps),  8  figs..  1912. 

TJglow,  W.  L, 

The  Alexo  mine;  a  new  nickel  o<*currence  in  northern  Ontario:  Ca- 
nadian Min.  Inst.,  Jour.,  vol.  14,  pp.  057-4)77,  5  pis.,  4  figs..  1912. 
See  no.  1114  of  the  bibliography  for  1911,  I'.  S.  (Jeol.  Survey,  Bull. 
524.  p.  89.  \ 

Ulrich,  E.  O. 

1122.  The  Chattanoogan  series  with  si)ecial  reference  to  the  Ohio  shale  prob- 

lem:  Am.  Jour.  Sci.,  4th  ser.,  vol.  34,  pp.  157-1S3,  3  figs.,  August, 
1912. 

Umpleby,  Joseph  B. 

1123.  Note  on  the  stratigraphy  of  east  central   Idaho:  Washington  Acad. 

Sci.,  Jour.,  vol.  2,  no.  2.  p.  40,  January  10,  1912. 

1124.  An  old  erosion  surface  in  Idaho:  its  age  and  value  as  a  datum  plane: 

Jour,  (teology.  vol.  20,  no.  2,  pp.  139-147,  3  figs.,  February-March, 
1912. 

1125.  An  old  erosion  surface  in  eastern  Utah,  its  age  and  value  in  time  de- 

terminations: Abstract,  Washington  Acad.  Sci.,  Jour.,  vol.  2,  no.  4, 
pp.  109-110,  February  19,  1912. 

1126.  Recent  literature  on  economic  geology:  Kcou.  Geology,  vol.  7,  no.  7, 

pp.  711-714,  October-November,  1912. 
Recent  literature  on  economic  geology.     See  Knopf  and  Umpleby,  nos. 
598-600. 
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United  States  Oeolo^cal  Survey. 
1127.  Mineral  resources  of  the  United  States,  Calendar  year,  1911;  part  I, 
Metals,  1018  pp.,  16  figs. ;  part  II,  Nonmetals,  1224  pp.,  9  pis.,  14 
figs.,  1912. 

Contains  the  following  papers,  mainly  statistical  In  character,  relat- 
ini;  to  the  production,  condition  of  the  Industry,  etc.,  but  also  in  some 
cases  including  notes  on  the  geology  and  occurrence  of  the  products 
treated : 

Part  I. 

Mineral  products  of  the  United  States :  Review  of  conditions  and 
output  in  1010  and  1911,  by  Edward  W.  Parker,  pp.  7-00. 

Summary  of  mineral  production  in  the  United  States  in  1911.  com- 
piled by  W.  T.  Thom,  pp.  91-112. 

Metals  and  metallic  ores  in  1910  and  1911,  by  H.  D.  McCaslcey,  pp. 
113-118. 

Iron  ore,  pig  iron,  and  steel,  by  Ernest  P.  Burchard.  pp.  110-174. 
Iron-ore  reserves  of  Michigan,  by  C.  K.  I^lth.  pp.  175-100. 
Manganese   and    manganiferous    ores,    l)y    Ernest    F.    Burchard.    pp. 
191-208. 

Gold  and  silver,  by  H.  D.  McCaskey.  pp.  211-254. 
Copper,  by  B.  S.  Butler,  pp.  255-313. 
Lead,  by  C.  E.   Slebenthal,  pp.  315-351. 
Zinc,  by  C.  E.  Slebenthal,  pp.  353-395. 
Cadmium,  by  C.  E.  Slebenthal,  pp.  399-401. 

Gold,  silver,  copper,  lead,  and  zinc  in  the  Western  States  (mine 
production)  : 

Introduction,  by  H.  D.  McCaskey.  pp.  403-406. 
Alaska,  by  A.  11.  Brooks,  pp.  406-420. 
Arizona,  by  V.  C.  Helkes,  pp.  420-462. 
California,  by  Charles  G.  Yale.  pp.  462-505. 
Colorado,  by  Charles  W.   Henderson,  pp.  505-500. 
Idaho,  by  C.  N.  Gerry,  pp.  570-602. 
Montana,  by  V.  C.   Helkes,  pp.  002-646. 
Nevada,  by  V.  C.   Helkes.  pp.  646-702. 
New  Mexico,  by  Charles  W.   Henderson,  pp.   702-721. 
Oregon,  by  Charles  G.  Yale,   pp.  721-733. 
South  Dakota,  by  Charles  W.  Henderson,  pp.  7.'?4-738. 
Texas,  by  Charles  W.   Henderson,   pp.   730-740. 
Utah,  by  V.  C.  Helkes.  pp.  740-777. 
Washington,  by  C.   N.  Gerry,  pp.   778-788. 
Wyoming,  by  Charles  W.   Hondorson.  pp.   788-701. 
Silver,  copper,  lead,  and  zinc  In  Central  States  (mine  production),  by 
J.  IV  Dunlop  and  B.  S.  Butler,  pp.  703-872. 

Gold,  .sliver,  copper,  lead,  and  zinc  In  the  Eastern  States   (ralne  pro- 
duction), by   II.  I>.  McCaskey,   pp.   873-888 
Quicksilver,  by   H.   I).  McCaskey,  pp.  880-021. 
Bauxite  and  aluminum,  by  W.  G.  Phalen,  pp.  02.3-030. 
Tungsten,   vanadium,  uranium,  titanium,   molybdenum,  nickel,   cobalt, 
tantalum,  tin,  antimony,  bismuth,  end  selenium,  ]>y  Frank  L.  Hess,  pp. 
041-077. 

Chromic  Iron  ore,  by  W.  C.   Phalen,  pp.  070-086. 

Platinum  and  allied  metals,  by  Waldemar  Llndgren,  pp.  087-1003. 

Part  II. 

FUELS. 

Coal  ;  coke,  by  E.  W.  Parker,  pp.  5-267. 

Fuel  brifjuetting,  by  E.   W.  Parker,  pp.  260-278. 

Natural  gas.  by  D.  T.  Day  and  B.   llill.  pp.  270-333. 

Petroleum,  by  D.  T.   Day,  pp.  3.35-480. 

Peat,  by  C.  A.  Davis,  pp.  481-484. 
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United  States  Geological  Survey — Continued. 

1127.  Mineral  resources  of  the  United  States,  etc.^— Continued. 

STBUCTUOAL    MATEBIALB. 

•     •        • 

Cement  industry  in  the  United  States  in  1911,  by  E.  T^'.  Burchard, 
pp.  485-519,  1  pi.    (map). 

Clay-working  industries,  by  .Teflferson  Middleton,  pp.  521-ri84. 

Glass  sand,  other  sand,  and  jcrnvol,  by  E.  F.  Burchard,  pp.  6?^«-0/.8 

Gypsum,  by  E.  F.  Burchard,  pp.  6.39-644. 

Lime,  by  E.  F.  Burchard.  pp.  645-718. 

Sand-lime  brick,  pp.  719-721. 

Slate,  by  A.  T.  Coons,  pp.  72:j-7.39. 

Stone,  by  E.  F.  Burchard.  741-833,  7  pis.   (maps). 

ABRASIVE    MATERIALK. 

Abrasive  materials,  by  W.  C.  I»halen,  pp.  835-834. 

CHEMICAL    MATERIALS. 

Arsenic,  by  F.  L.  Hess,  pp.  8.'S5-856. 
Borax,  by  H.  8.  Galo,  pp.  857-806,  1  pi.   (map). 
Fluorspar  and  cryolite,  by  E.  F.  Burchard,  pp.  867-875. 
Phosphate  rock,  by  F.  B.  Van  Horn.  pp.  877-888. 
Potash  salts,  by  W.  C.  Phalen,  pp.  889-917. 
Salt  and  bromine,  by  W.  C.  Phalen.  pp.  919-930. 
Sulphur,  pyrlte,  and  sulphuric  acid,  by  W.  C.  Phalen.  pp.  937-957. 
Manufacture  of  sulphuric  acid  at  Ducktown,  Tenn.,  by  F.  B.  Laney, 
pp.  958-964. 
Barytes  and  strontium ;  mineral  paints,  by  W.  C.  Phalen,  pp.  965-993. 

MISCELLANEOUS. 

Asbestos,  by  J,  S.  Diller,  pp.  995-1001. 

Asphalt,   related  bltumons,   and   bituminous  rock,  by   D.  T.   Day,   pp. 
1(X)3-1021. 
Feldspar  and  quartz,  by  .Jefferson  Mlddloton.  pp.  102.3-1030. 
B'uller's  earth,  by  .TeflferKon  Middieton.  pp.   1031-1035. 
Gems  and  i>roclous  stones,  by  1).  B.  Storrett,  pp.  1037-1078. 
Graphite,  by  E.   S.   Bastln.  pp.   1079-1112. 
Majfneslte,  by  H.  S.  (;ale,  pp.  1113-1127. 
Mica,  by  D.   B.   Sterrett,  pp.   1129-1135. 
Mineral  waters,  by  G.  C.  Matson.  pp.  1137-1174. 

Concentration  of  mineral  water  in  relation  to  therapeutic  activity, 
by  H.    B.    Dob',   pp.    1175-1192. 
Monazit*!  and  zircon,  by  I).   B.   Sterrett.  pp.   119.3-1190. 
Talc  and  soapstone,   by  .1.   S.    IHIler.   pp.   1197-120.3. 

1128.  Miscellaneous   analyses   of  coal    samplers   from    various  fields   of  tlio 

I'niteil  States:  V.  S.  (Jeol.  Survey,  Hull.  471,  pp.  r»2rMJ,^M,  1912. 

1129.  Contributions  to  econoinic  .ceolojry   (short  papers  and  preliminary  ro- 

ports).  llHO;  Part  II.  Mineral  fuels:  i:.  S.  Geol.  Survey.  Bull.  471, 

()(W  pp.,  ()2  i)Is..  15  figs.,  1012. 

The  papers  in  this  bulletin  have  been  entered  under  the  individual 
authors. 

Ussing,  N.  V. 

1130.  Geologj'  of  the  coinitry  around  Julianehaab.  (^reenlaiul:  Meddelelser 

cm  Gronland.  H.  38.  pp.  l-r{7().  IS  pis.,  32  figs..  11H2;  (Reprint) 
Copenhagen,  Tniv..  Mus.  Mineral,  and  (ieol.,  Connn.  geol.,  no.  2, 
368  PI).,  IS  pis.,  32  figs.,  1911. 
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Ussingr,  N.  v.— (^ntinu^/:  ' 

1131.  BeretniDg  v>iii^  deu  geologiske  Ekspeditiou  til   Julianehnab  Distrikt   i 

SoiAnivrMi  1900:   Meddelelser  om   GrSnlaud,  H.   38.   pp.   377-426. 

tjilr/lO  figs..  1912. 

An  arcount  of  a  f^eological  vojage  to  the  Jullanehaab  district,  Green- 
land, in  1000.     Includes  notes  on  the  geology  of  the  region. 

Valittii>tle,  J.  H. 

.    1432.  Report  on  the  Montreal  quarries:  Quebec  (Province),  Mines  Branch. 

••.   •.•'•  Kept,  on  mining  operations  during  1911,  pp.  52-70,  5  pis..  1912. 

Includes   an  account  of  the  geologic  formations   in   the  Ticinity   of 
Montreal,  Canada. 

Vallance,  John. 

The  Standard  silver  mine.  B.  C. :  Canadian  Min.  Inst.,  Jour.,  vol.  14. 
l)p.  212-214,  1912.  See  no.  1130  of  the  bibliography  for  1911.  U.  S. 
Oeol.  Survey,  Bull.  524.  p.  93. 

Van  Bameveld,  Charles  K. 

1133.  Iron  mining  in  Minnesota:  Minnesota,  Univ.,  School  of  Mines,  Exper. 
Sta.,  Bull.  no.  1,  214  pp.,  10  pis..  135  flgs.,  1912. 

Van  Horn,  F.  B. 

1134.  Fuller's  earth  in  the  South:  Manufacturers  Record,  vol.  61,  no.  7. 
pt.  2,  pp.  69-70,  February  22,  1912. 

Mineral  resources  of  the  United  States,  1911:  Phosphate  rock.  See 
no.  1127. 

Van  Horn,  Frank  R. 

1135.  The  occurrence  of  silver,  copper,  and  lead  ores  at  the  Veta  Rica  mine. 
Sierra  Mojada,  Coahuila,  Mexico:  Am.  Inst.  Min.  Eng.,  Bull., 
no.  68,  pp.  867-881,  2  figs.,  August,  1912;  Trans.,  vol.  43,  pp.  219-2:w. 
2  figs..  1913. 

Van  Tuyl,  Francis  M. 

1136.  The  Salem  limestone  and  its  stratigraphic  relations  in  southeastern 
Iowa:  Iowa  Acad.  Sci.,  Proc,  vol.  19,  pp.  167-lt»S.  Iin2;  Abstract. 
Science,  new  ser..  vol.  .30.  p.  r»GO,  October  2.5.  1912. 

1137.  The  origin  of  the  geodes  of  the  Keokuk  beds:  Iowa  Acad.  Sci.,  Proc., 
vol.  19,  pp.  109-172,  1912;  Abstract,  Science,  new  ser.,  vol.  3(>. 
p.  .j(V.),  October  25.  1012. 

1138.  A  study  of  the  cherts  of  the  Osage  series  of  the  Mississippian  system: 

Iowa  Acad.  Sci.,  Proc.  vol.  10.  pp.  173-174,  1012:  Abstract.  Science. 

new  ser.,  vol.  30,  p.  r^iWh  October  2."),  1912. 

Discusses  the   origin   of   the  cherts ;    these  are  considered    to   result 
from  metasoniatlc  replacement  of  limestone. 

Visher,  S.  S. 

A  ])reliniinary  report  upon  the  g(H)graphy,  geology,  and  biology  of 
Mellette.  Washabaugh,  Bennett,  and  Todd  counties.  South  Dakota. 
See  Perisho  and  Visher,  no.  843. 

Volk,  Ernest. 

1139.  Early  man  in  America;  thirty  yesirs  of  exi)erience  in  searching  for 
evidences  of  the  antiquity  of  man  in  the  Delaware  Valley:  Am. 
Mus.  Jour.,  vol.  12.  no.  5,  pp.  181-185,  3  figs.,  May.  1912. 

Von  Engeln.  O.  D. 

1140.  In  Missouri:  Jour.  Geog..  vol.  10.  no.  8,  pp.  263-267,  April,  1912. 

Includes  notes  on  physiographic  features  in  the  vlclnltv  of  Colum- 
bia, Mo. 
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Wag^aman,  William  H. 

1141.  A   report   on   the   natural    phospliates   of  TeuneBsee,   Kentucky,   and 

Arkansas;  U.  S.,  62d  Cong.,  2d  Sess.,  Sen.  Doc.  no.  190,  pp.  49-77. 

3  figs.,  1912;  U.  S.  Dept.  Agr.,  Bur.   Soils,  Bull.  no.  81.  36  pp.. 

4  pis.,  3  figs.,  1912. 

1142.  The  phosphate  deposits  of  the  United  States:  Am.  Fertilizer.  voL  37. 

no,  2.  pp.  34-56,  July  27,  1912. 

Waltz,  Paul. 

1143.  Notas  preliminares   relativas  ft   un   reconocimlento   geol6glco   por  el 

curso  del  Atoyac    (Rio   Verde)    de  Oaxaca :   Mexico.   Inst.   Geol.. 

Parerg..  t.  4.  no.  1,  pp.  2-32.  1912. 

Glyea  ^c^ologic  observations  made  in  a  reconnaissance  alons;  the 
Atoyac  (Rio  Verde)   River  in  the  State  of  Oaxaca,  Mexico. 

Walcott,  Charles  D. 

1144.  Cambrian  geology  and  paleontology,  II ;  No.  4,  Cambrian  faunas  of 

China:  Smithsonian  Misc.  Coll.,  vol.  57,  no.  4,  pp.  69-108,  4  pis., 

June  17,  1911. 

Includes  descriptions  of  the  trllobltes  Anomocare  convera  n.  sp., 
Coo8ia  supcrba  n.  sen.  and  sp..  and  Cooaia  rohusta  from  the  middle 
Cambrian  of  Alabama  and  Tennessee. 

1145.  Cambrian    geology    and    paleontology,    II;    No.    6,    Middle   Cambrian 

Branchiopoda,  Malacostraca,  Triloblta,  and  Merostomata:  Smith- 
sonian Misc.  Coll..  vol.  57,  no.  6,  pp.  145-228,  11  pis.,  3  figs.,  March 
13,  1912. 

1146.  Cambrian   geology   and   paleontology,   II ;    No.   7,   Cambro-Ordovician 

boundary  in  British  CJolumbia  with  description  of  fossils:  Smith- 
sonian Misc.  Coll.,  vol.  57,  no.  7,  pp.  229-237,  1  pi..  March  8,  1912. 

1147.  Cambrian  geology  and  paleontology.  II:   No.  8,  The  Sardinian  Cam- 

brian genus  Olenopsis  in  America :  Smithsonian  Misc.  Coll.,  vol.  57, 
no.  8.  pp.  239-249,  1  pi.,  March  8.  1912. 

1148.  Cambrian  geology  and  piileontology,  II :  No,  9,  New  York  Potsdam- 

Hoyt  fauna :  Smithsonian  Misc.  Coll.,  vol.  57,  no.  9.  pp.  251-304. 

13  pis.,  September  14.  1912. 

Discu«iseR  the  a^e  relations  and  terminology  of  the  Potsdam  and 
Hoyt  beds  and  the  stratl^aphlc  position  of  the  fauna,  and  grives  sys- 
tematic descriptions  of  genera  and  species. 

1149.  Ciimbrian  geology  and  paleontology.  II:  No.  10,  Group  terms  for  the 

lower    and    upper    Cambrian    series    of   formations:  Smithsonian 

Misc.  Coll.,  vol.  57,  no.  10,  pp.  305-307,  September  10,  1012. 

Proposes  Waucoban  to  replace  Georjjlan  for  lower  Cambrian  and  St. 
Crolxan  for  upper  Cambrian  instead  of  Saratogan. 

1150.  Cambrian  Brachiopoda  :  V.  S.  Geol.  Survey.  Mon.,  vol.  51,  pt.  1,  872 

pp.,  76  flgs..  pt.  2,  3G3  pp.,  101  pis.,  1912. 

Includes  a  blbllojrraphy,  list  of  synonymic  references,  tables  of 
geographic  and  strati^raphic  distribution,  and  list  of  localities ;  a  dis- 
cussion of  the  terminology  and  structural  features  of  the  shell,  and  of 
the  evolution,  classification,  and  distribution ;  and  systematic  descrip- 
tions of  genera  and  species. 

1151.  Notes  on  fossils  from  limestone  of  Steeprook  series.  Ontario,  Canada  : 

Canada  Geol.  Survey.  Mem.  no.  28,  pp.  16-22,  2  pis.,  1912. 

Describes  from  pre-Cambrlan  strata  Atikok^nia  n.  gen.  and  A.  law- 
9oni  n.  sp.  and  .1.  irregularis  n.  sp. 

1152.  Cambrian  of  the  Kicking  Horse  Valley,  B.  C. :  Canada  Geol.  Survey, 

Summ.  Rept,  1911,  pp.  188-191,  1912. 
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Walcott,  Charles  D. — Continued. 

1153.  FossilH  of  lower  limestone  of  the  Steeprook  series:  Abstract,  Science, 

new  ser.,  vol.  35,  p.  315,  February  23.  1912;  Abstract  (with  dis- 
cussion by  A.  P.  Coleman),  Geol.  Soc.  America,  Bull.,  vol.  23,  no.  4, 
p.  723.  December  17,  1912. 

1154.  Illustrations  of  remarkable  Cambrian  fossils  from  British  Columbia: 

Abstract,  Science,  new  ser.,  vol.  35,  p.  789,  May  17,  1912. 
See  also  no.  1275. 

Wall,  G.  P. 

1155.  [Observations  on  the  geology  of  the  West  Indies.] :  Agrlc.  Soc.  Trini- 

dad and  Tobago,  Proc.,  vol.  12.  pt.  6,  pp.  207-208,  June.  1912. 

Warren,  Charles  H. 

1156.  The  ilnienite  rocks  near  St.  Urbain,  Quebec;  a  new  occurrence  of  rutlle 

and  sapphirine :  Am.  Jour.  Sci.,  4th  ser.,  vol.  33,  pp.  263-277,  1  fig., 
March,  1912. 

Washington,  Henry  S. 

1157.  The  constitution  of  some  salic  silicates:  Am.  Jour.  Scl.,  4th  ser.,  vol. 

34,  pp.  555-571,  December,  1912. 

1158.  A  suggestion  for  mineral  nomenclature:  Am.  Jour.  Sci.,  4th  ser.,  vol. 

33,  pp.  137-151,  February.  1912 ;  Abstract,  Geol.  Soc.  America,  Bull., 
vol.  23,  no.  4,  p.  729,  December  17,  1912. 
Modifications  of  the  quantitative  system  of  classification  of  Igneous 
rocks.    See  Cross  and  others,  no.  240. 

Watson,  J.  Wilbur. 

A  contribution  to  the  geology  and  mineralogy  of  Graves  Mountain, 
Georgia.    See  Watson  and  Watson,  no.  1166. 

Watson,  Lawrence  W. 

1159.  The  geological  age  of  Prince  Edward  Island:  Nova  Scotian  Inst.  Sci., 

Proc.  and  Trans.,  vol.  13,  pt.  2,  pp.  14r)-149.  August  20,  1912. 

Concludes  that  all  the  rocks  of  Prince  Edward  Island  are  of  Permo- 
Carboniferoiis  age,  as  against  the  opinion  formerly  licld  tlint  part  are  of 
Triassic  age. 

Watson,  Thomas  I^eonard. 

1160.  Administrative  report  of  the  state  geologist  for  the  biennial  period 

1010-1911:  Virginia  Geol.  Survey,  25  pi>.,  1912. 

1161.  Economic  products  of  the  Virginia  Coastal  Plain:  Virginia  Geol.  Sur- 

vey, Bull.  no.  4.  pp.  223-20:^,  3  1)18.,  1912. 

1162.  An  association  of  native  gold  with  sillimanite:  Am.  Jour.  Scl.,  4th 

ser.,  vol.  3,3.  pp.  241-244,  2  figs.,  March,  1912. 

1163.  Vanadium  and  chromium  In  rutile  and  the  possible  effect  of  vanadium 

on  color:  Washington  Acad.  Scl.,  Jour.,  vol.  2,  no.  18,  pp.  431-434, 
November  4.  1012. 

1164.  Kragerite.  a  nitile-benring  rock  from   Krageroe.  Norway:  Am.  Jour. 

Sci.,  4th  ser.,  vol.  34,  pp.  .500-514,  December.  1912. 
Includes  references  to  similar  American  rocks. 
The  physiography  and  geology  of  the  Coastal  Plain  province  of  Vir- 
ginia; Economic  geology.     See  Clark  and  Miller,  no.  102. 

Watson,  Thomas  L..  and  Hess,  Frank  L. 

1165.  Zirconiferous  sandstone  near  Ashland,  Virginia,  with  a  summary  of 

the  proiKTties,  occurrence,  and  uses  of  zircon  in  general :  Virginia, 
T'niv.,  Phllos.  Soc.  Bull.,  Sci.  ser.,  vol.  1,  no.  11.  pj).  207-292,  2  pis,, 
2  flgs.    (incl.  map),  July,  1012. 
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Watson,  Thomas  L.,  and  Watson,  J.  Wilbur. 
1106.  A  contribution  to  the  geology  and  mineralogy  of  Graves  Mountain, 
Georgia :  Virginia.  Univ.,  Philos.  Soc.,  Bull.,  Sci.  ser.,  vol.  1,  no.  7, 
pp.  200-221,  2  figs.,  Jpnuary,  1912. 

Watts,  Francis. 

1167.  Observations  on  West  Indian  geology:  Agric.  Soc.  Trinidad  and  To- 

bago, Proc.,  vol.  12,  pts.  1-2,  pp.  35-37,  January-February,  1912. 

Weaver,  Charles  E^win. 

1168.  Geology  and  ore  deposits  of  the  Index  mining  district:  Washington 

Geol.  Survey,  Bull.  no.  7,  90  i)p.,  7  pis.,  1912. 
The  ores  produce  mainly  copper. 

1169.  A  preliminary  report  on  the  Tertiary  paleontology  of  western  Wash- 

ington :  Washington  Geol.  Survey,  Bull.  no.  15,  80  pp..  16  pis..  1912. 

Webber,  Morton. 

1170.  Cross-fractures  and  ore  shoots:  Min.  and  Sci.  Press,  vol.  104,  pp.  380- 

381,  March  9.  1912. 

Weed,  Walter  Harvey. 

1171.  Geology  and  ore  deposits  of  the  Butte  district,  MV)ntana :  U.  S.  Geol. 

Survey,  Prof.  l»aper  74,  262  pp..  41  pis.,  100  figs.,  1912. 

Describes  the  f^eneral  geology  of  the  region,  the  character,  occur- 
rence, and  relations  of  the  igneous  rocks,  the  geologic  structure,  the 
fracture  system,  the  distribution,  structure,  and  mineralogy  of  the  ores, 
the  genesis  of  the  copper  ores,  and  in  detail  the  lodes  and  mining 
opera  tiouN. 

1172.  Geysers.    29  pp..  22  figs.    I'.  S.,  Dept.  of  the  Interior,  1912. 

1173.  Literature  of  ore  deix)slts  in  1911:  Min.  and  Sci.  Press,  vol.  104,  pp. 

35-36,  January  6,  1012. 

1174.  Notes  on  the  Miami  copper  district,  Arizona:  Min.  and  Eng.  World, 

vol.  36,  PI).  1043-1044,  May  IS,  1912. 

1175.  A  plea  for  rational  classification  of  ore  deposits:  Min.  and  Eug.  World, 

vol.  3r>.  p.  108S,  May  27^  1012. 

1176.  Brief  notes  on  the  geology  of  the  Ely  district,  Nevada :  Min.  and  Eng. 

World,  vol.  36.  p.  1108.  June  8,  1912. 

1177.  Is  geology  a  success  as  a  j^ulde  to  ore  deposits?:  Min.  and  Euk.  Worid, 

vol.  36,  p.  1138,  June  1,  1012:  vol.  37,  pp.  245-246.  August  10.  1912. 
Includes  notes  on  the  geology  and  copper  ores  of  Bisbee,  Arizona. 

Wegemann,  Carroll  H. 

117a  The  Powder  River  oil  field,  Wyoming:  U.  S.  Geol.  Survey,  Bull.  471. 
pp.  56-75,  1  pi.  I  map).  1  flj:.,  1012. 

1179.  The  Sussex  coal  field,  Johnson,  Natrona,  and  Converse  counties,  Wyo- 

ming: U.  S.  Geol.  Survey,  Bull.  471,  pi>.  441-471,  9  pis.  (maps  and 
sections),  1012. 

1180.  Planetable  methods  as  adapted  to  geologic  mapping:  Econ.  Geology, 

vol.  7,  no.  7,  pp.  621-637,  1  pi.,  October-Xoveinber,  1012. 

Wegener,  A. 

Die    glaciologischen    Heobaclituiigen    der    Danniark-ExiKMlition.     See 
Koch  and  Wegener,  no.  603. 

Welsh,  T.  W.  B.,  and  Stewart,  C.  A. 

1181.  Note  on  the  efifect  of  calcite  gangue  on  the  secondary  enrichment  of 

copiier  veins  (discussion)  :  Econ.  Geology,  vol.  7,  no.  8,  pp.  785-787, 
December,  1912. 


106  BIBLIOGRAPHY  OF   NORTH  AMERICAN   GEOLOGY,  1912. 

Wentworth,  Irving  H. 

1182.  The  San  Nicolas  mining  district,  San  Nicolas,  Tamaulipas,  Mexico: 

Am.  Inst.  Mln.  Eng.,  Bull.,  no.  68,  pp.  843-852,  3  figs.,  August,  1912: 
Trans.,  vol.  43,  pp.  304-313,  3  figs..  1913. 

Westgate,  Lewis  G. 

1183.  Tlie  geological  progress  of  twenty-five  years:  Ohio  State  Acad.  Sci., 

Proc,  vol.  G,  pt.  1.  pp.  2()-42,  June,  1912. 

Westcrate,  L.  G.,  and  Branson,  E.  B. 

1184.  The  CJenozoic  history  of  the  Wind  River  Mountains,  Wyoming:  Ab- 

stracts. Science,  new  ser.,  vol.  35,  p.  318,  February  23,  1912;  Geol. 
Soc.  America,  Bull,,  vol.  23,  no.  4,  p.  739.  December  17,  1012. 

Wheeler,  H.  A. 

1185.  Developments  in  the  Illinois  oil  fields:  Assoc.  Eng.  Soc.,  Jour.,  vol.  48, 

no.  2,  pp.  68-77,  February,  1912. 

Wherry,  Edgar  T. 

1186.  Crystallographic  tables:  Science,  new  ser.,  vol.  35,  pp.  820-821,  May 

24, 1912. 

1187.  A  new  occurrence  of  camotite:  Am.  Jour.  Sci.,  4th  ser.,  vol.  33,  pp. 

574-580,  June,  1912. 

Describes  the  composition  and  geologic  relations  of  camotite  occur- 
ring near  Mauch  Chunk,  I'a. 

1188.  The  Triassic  of  Pennsylvania:  Abstract,  Acad.  Nat.  Sci.  Philadelphia, 

Proc,  vol.  04,  pt.  2.  p.  150,  May,  1912. 

1189.  Apparent   sun-crack   structures  and   ringing-rock   phenomena   in   the 

Triassic  diabase  of  eastern  Pennsylvania :  Acad.  Nat.  Sci.  l*hila- 
deli)hia,  Proc.,  vol.  04,  pt.  2,  pp.  169-172,  1  pi..  May,  1912. 

1190.  Silicifled  wood  from  the  Triassic  of  Pennsylvania:  Acad.  Nat.  Sci. 

Philadelphia.  Proc.,  vol.  04,  pt.  2,  pp.  3t56-372,  2  pis.,  1  fig.,  July. 
1912. 

1 191.  Age  and  correlation  of  the  "  New  Red  "  or  Newark  group  in  Pennsyl- 

vania :  Acad.  Nat.  Sci.  Philadelphia,  Proc.,  vol.  04,  pt,  2,  pp.  373- 
379,  1  fig.,  July.  1912. 
A  Mississipplan  delta.     See  Branson,  no.  103. 

Whinery,  S. 

1192.  Clinton  iron-ore  deposits  in  Kentucky  and  Tennessee:  Am.  Inst.  Min. 

Eng.,  Bull.  no.  70,  pp.  1057-1058,  October,  1912. 

White,  A.  E. 

The  pig-iron  industiy  of  Michigan.     See  Allen  and  others,  no.  13. 

White,  David. 

1193.  The  characters  of  the  fossil  plant  Glgantopteris  Schenk  and  its  occur- 

rence in  North  America  :  I'.  S.  Nat.  Mus.,  Proc,  vol.  41,  pp.  493- 
510.  7  pis.,  Febnijiry  S,  1012. 

1194.  Age  of  the  Worcester  phyllite:  Washington  Acad.  Sci.,  Jour.,  vol.  2. 

no.  5.  pp.  114-118,  March  4.  1912. 

Describes  the  character  and  occurrence  of  plant  remains  bj'   which 
the  age  is  determined  to  be  Carboniferous. 

1195.  [Formation  of  limestone  nciir  tide  level] :  Abstract.  Washington  Acad. 

Sci.,  Jour.,  vol.  2.  no.  14.  p.  357,  August  19.  1912. 

1196.  Resins  in  Paleozoic  coals:  Abstracts,  Science,  new  ser.,  vol.  35,  p.  312. 

February  23,  1912:  Geol.  Soc.  America.  Bull.,  vol.  23.  no.  4,  p.  72S, 

December  17,  1912. 
A  Mlssissipi»ian  delta.     See  Branson,  no.  103. 
Abstract  of  "  (itH)log>'  and  mineral  resources  of  the  Peoria  quadrangle, 

Illinois."     See  Udden,  no.  1117. 
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Whiteside,  F.  W. 
1197.  The  Trinidad  district  in  Colorado :  Coal  Age,  vol.  1,  pp.  632-635.  6  figs., 
Februao'  24,  1912. 

Includes  notes  on  the  f^eolo^y  of  the  Trinidad  coal  field,  Colorado. 
1108.  Central  coal  fields  in  Colorado:  Coal  Age,  vol.  2,  no.  1,  pp.  2-5.  6  figs., 
July  6.  1912. 

Vhitlock,  H.  P. 
1190.   Recent  mineral  occurrences  in  New  York  City  and  vicinity:  New  York 
State  Mus.,  Bull.  ir»8.  pp.  l.s;i-lS7.  7  flgs.,  1912. 

1200.  Crystallographic  tables:  Science,  new  ser.,  vol.  35,  pp.  819-820,  May 

24, 1912. 

Whitney,  Milton,  and  others. 

1201.  Field  oi)eratlous  of  the  Bureau  of  Soils,  1909.    IT.  S.  Dept.  Agr.,  Bur. 

Soils,  Eleventh  I{eiK>rt.    1740  pp..  25  pis..  58  figs.,  and  53  soil  maps 

(In  separate  case).     Washington.  1912. 

Contains  soil  BurveyH  of  the  following  areas : 
Alabama.  Baldwin    County,    pp.   70r»-774. 
Chambers  County,   pp.   775-800. 
Coffee  County,   pp.   801-847. 
Hale  County,   pp.   077-703. 
Tallapoosa  County,   pp.   G45-076. 
California.  Marysville  area,   pp.    1089-1740. 
Woodland  area,  pp.   1035-1687. 
Florida,  Marianna  area.  pp.  010-044. 
Georgia,  l:*>anklin  County,   pp.   533-550. 
Hancock  County,  pp.   551-573. 
Pike  County,  pp.   575-001. 
Tift  County,  pp.  00.3-018. 
Louisiana.   Lincoln  Parish,  pp.  921-940. 
Maine,  Orono  area,  pp.  41-74. 
Maryland.  Anno  Arundel  County,  pp.  271-308. 
Minnesota,   Rico  County,   pp.    1209-1:^03. 
Mississippi.  Clay   County,   pp.   840-885. 

Scranton   area.   pp.   887-920. 
Missouri,  -\tchison   County,   pp.    L305-1.336. 
Cedar  County,   pp.   1337-1:^00. 
Cooper   County,   pp.    1:107-1399. 
Nevada.  Fallon   area.   pp.   1477-1510. 
New  Hampshire,  Nashua  area,  pp.  75-104. 
New   York,   Washington  ("ounty.   pp.   105-159. 
North  Carolina,  Gaston  County,  pp.  .345-373. 

Lake  Mattamuskeet  area.  pp.  375-387. 
IMtt    County,   pp.   389-419. 
Scotland   County,    pp.    421-448. 
Ohio,  .Vuglaize   County,   pp.    1131-1148. 
Oregon.   Morshfleld  area,   pp.    1001-1034. 
Penn.sylvania,   Herks   County,    pp.    101-203. 

southwestern,    reconnaissance   survey,   pp.   205—269. 
South  Carolina,  Anderson   County,   pp.    449-471. 

Conway   area,   pp.   473-502. 
Saluda   County,    pp.   503-531. 
South  Dakota,  western,  reconnaissance  survey,  pp.  1401-1470. 
Tennessee.   Sumner  County,   pp.    1149-1173. 
Texas,  Gray.son  County,  pp.  l)51-9.S3. 
Morris   County,   pp.   985-1004. 
south,   reconnaissance  survey,   pp.   1029-1129. 
Titus  County,   pp.   1005-1027. 
Virginia,   Campbell   County,   pp.   30j)-343. 
Washington,  Puget    Sound   Basin,    reconnaissance   survey,   pp.    1517- 

1000. 
West  Virginia,  Spencer  area.  pp.   1175-1202. 

Wisconsin.  Marinette  County,  reconnaissance  survey,  pp.   1233-1207. 
Waushara   County,   pp.   1203-1231. 
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cene shales  of  Florissant  [Colorado] :  Iowa,  Univ.,  Lab.  Nat.  Hist, 
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4  pis..  January,  1910. 

Includes  notes  on  the  occurrence  of  the  fossils  of  the  Richmond  foiv 
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tory.   See  Lane,  no.  628. 
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584,  1912. 
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1912. 

1249.  Boulder  beds  of  the  Caney  shale  at  Tallhina.  Oklahtmia  :  (teol.  *Soc. 
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1259.  Geology  of  the  Moncton  map  area,  Westmorland  and  Albert  counties. 

New   Brunswick:  Canada   Geol.   Survey,   Summ.   Kept,   1911,  pp. 
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1  fig.  (map),  November  23,  1912. 

1271.  Development  of  the  Green  River  oil  fields  [Utah] :  Salt  Lake  Min. 
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212,  September,  1912. 
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U.   8.  G.   8.,   1127. 
Titanium  :  U.   8.  G.   8.,  1127. 
Tungsten  :  U.  8.  (;.  8.,  1127. 
Uranium  :  U.  8.  G.  8.,  1127. 
Utah,  Park  City  district :  Boutwell,  92. 
Vanadium  :  U.  8.  G.  8.,  1127. 
Vancouver    Island :    Clapp,    182. 
Vermont,  Gret'n  Mountain  region  :  Per- 
kins, 8*15. 
Virginia.    Coastal     Plain :     Clark    and 

Miller.    192. 
West  Indies:  Guppy,  411. 
Wisconsin,   Lake   Superior  sandstones : 

Tbwaltcs,   1085. 
Zinc:  U.  8.  G.  8..  1127. 
Zircon  :  U.  8.  G.  8..  1127. 
Bighorn     basin,     Wyoming :     Sinclair     and 

Granger,  985. 
Biography. 

Brush,     George     Jarvls :     Dana,     258 ; 

Ford.  G37. 
Buckley,  E.  B. :  Anon.,  1264,  1265. 
Calvin,  Samuel :  Shimek.  975. 
Davis,    William    Morris :    Huntington, 

523. 
Dutton,  C.  E.  :  Becker,  60. 
Ella,  R.  W. :  Bishop,  75. 


Biography — Continued. 

Emmons,  Samuel  Franklin :  Hague,  418, 

419. 
Hall,    Christopher    Webber:    Winchell, 

1228. 
Howell,  Edwin  E. :  Gilbert,  364. 
McGee,  W.  J.:  Anon.,  1266,  1267. 
Tarr,      Ralph      Stockman :      Williams, 

1208;  Anon.,  1268. 
White,  David:  Anon.,  1269.. 
Birds.     Bee  Aves. 
Bismuth. 

Quebec,  northwestern :  Bancroft,  43. 
United  States:  U.  S.  G.  8.,  Ii;j7. 
Bivalves.     See  Pelecypoda. 
Black    Mountain    coal    district,    Kentucky: 

Dllworth,  284. 
Black  sands. 

California,     Feather     River:     Sperry, 
1012. 
Btacktall     (Tabby)     Mountain    coal    field, 
Wasatch  Co.,  Utah  :  Lupton,  690. 
Blowing  wells.    Bee  Underground  water. 
Bolson,  development  of :  Melnzer,  744. 
Bonnlfield  region,  Alaska :  Capps,  170. 
Borax. 

California,  Ryan,  Llla  C.  mine:  Gale, 

351. 
United  States :  U.  S.  G.  8.,  1127. 
Borings. 

Canada:  Ingall,  532. 
Illinois,  Carlinville  field  :  Kay,  563. 
Carlyle  oil  field:  Shaw,  970. 
Peoria  quadrangle:  Udden,  1117. 
Oklahoma.    Ponca    City    field :    Ohcm 

and  Garrett,  803. 
Tennessee,  Memphis :  Munn,  786. 
Texas:   Udden,  1120. 

Wichita   and   Clay   counties :    Udden 
and  Phillips,    1121. 
Wyoming,  Converse  and  Carbon  coun- 
ties :  Jamison,  539. 
Botany,  fossil.     Bee  Paleobotany. 
Boulder    beds    of    Caney    shales,    Tallhlna, 

Oklahoma  :  Woodworth,  1249. 
Boundary      district,      British      Columbia : 

LeRoy,  655. 
Brachlopoda. 

British     Columbia,     Ordovlcian :     Wal- 

cott,   1146. 
Cambrian:  Walcott,  1150. 
Clnclnnatlan  and  Mohawklan  :  Foerste, 

327. 
Devonian,  Ohio :  Prosser,  872. 
Mlsslsslpplan.  Ohio :  Prosser,  872. 
Splrifer    mucronatus,    mutations :    Gra- 

bau  and  Reed,  391. 
Tertiary,    Washington:   Weaver,    1169. 
Brachyostracon :  Brown,  118,  121. 
Breathing  wells.     Bee  Underground  water. 
British  Columbia. 
Oeneral, 
Beaverdell    area,    Yale   district :    Reln- 

ecke,  900. 
Comox  and   Suquash   coal   fields,   Van- 
couver Island :  Clapp,  184. 
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Britiih  OoluinMa — Continued. 
General — Continued. 
Eaiit  Kootenay :  Schofleld,  953,  054. 
Field  area,  Yoho  Park :  Allan.  0. 
Franklin  mining  camp.  West  Kootenay  : 

Dryadale,  289. 
Fraaer  Canyon :  Camsell.  162. 

Siwash  Creek  area :  Bateman.  57. 
Lillooet  mining  dlyislon,  Yale  district : 

Camsell,   163. 
Obserratory  Inlet :  McConnell.  694. 
Portland    Canal    district:    McConnell, 

696. 
Salmon  River  district :  McConnell.  695. 
Sbnswap  lakes  region :  Daly.  254. 
Skagit   Valley.  Yale  district :   Camsell. 

164. 
Skeena  Rirer  district :  Mai  loch,  715. 
Snowslides  in  mining  districts  :  Lakes. 

620. 
Tulameen  district,  diamonds :  Camsell, 

165. 
West  Kootenay.  Franklin  mining  camp : 

Drysdale,  289. 

Economic. 

Bear  River  coal  field  :  Gnlloway.  353. 

Clay    and    shale    deposits :    lUes    and 
Keele,  916. 

Coal  fields:  Denis,  277. 

Copper:  Wilson,   1218. 

Klehini  Valley:  Bryant.  125. 

East  Kootenay :  Schofleld,  953. 

Fraser    Canyon,    Slwasb    Creek    area : 
Bateman,  57. 

Groundhog  coal  basin,  Skeena  district : 
Malloch.  714,  715. 

Nelson  area :  LeRoy.  656. 

Observatory  Inlet,  McConnell,  094. 

Phoenix,    Boundary    district :    I.«>Koy, 
655. 

Portland    Canal    district:    McConnoll. 
696. 

Report   Bureau   Mines.    1911  :    Robert- 
son, 920. 

Silver-lead    deposits.    East    Kootonny : 
Scbofield.  954. 

Vancouver  Island:  Clapp,  182. 

West      Kootenay,      Franklin      mining 
camp:  Drysdale,  289. 
Physiographic. 

Sir    Sandford    glacier,    1911  :    Pal  mo  r. 
825. 

Vancouver  Island :  Clapp,  182. 
Stratiaraphic. 

Cambro-Ordovician  boundary :  Walcott. 
1146. 

Canada,   Kicking,  Horse    Valley:    Wal- 
cott, 1152. 

Field  area«  Yoho  Park :  Allan,  9. 

Ice  River  district :  Allan.  10. 

Mount  Bosworth :  Burling,  135. 

Nanaimo     sheet,     Vancouver     Island : 
Clapp,  183. 

Nelson  area :  LeRoy,  656. 


British  Ck>lnmbia — Continued. 
Straiigraphic — Continued. 

Phoenix,     Boundary    district:     LeRoy, 

655. 
Pre-Cambrian    formations:    Daly,    255, 

256. 
Sherbrookc  formation:  Burling,  135. 
Shuswap  lakes  region :  Daly,  254. 
Skeena  River  region  :  Malloch.  715. 
Vancouver  Island :  Clapp,   182. 

geologic  map:  Clapp  and  Allan,  185. 
West      Kootenay.      Franklin      mining 
camp:  Drysdale.  289. 
Paleontology. 

Cambrian    fossils:    Walcott.    ll.'>4. 
Cambrian        Rranchiopoda :       Walcott, 

1145. 
Olenopsis     from     Cambrian :     Walcott, 

1147. 
Ordovician  :  Walcott,  1 146. 
Pelrology. 

Vancouver  Island  :  Clapp.  182. 
Bromine. 

United  States:  I'.  S.  (J.  S.,  1127. 
Bryosoa. 

Indiana,  Batostomas,  Richmond  series : 

Cumings  and  Galloway,   245. 
Monticuliporoids,  development  and  sys- 
tematic position  :  Cumings,  24.3. 
Building   stone.     See   also    Granite;    Lime- 
stone ;    Sandstone ;   Stone. 
General:  Eckel,  304  ;  Ries,  913. 
Canada  :   Parks,  830. 

maritime   provinces :   Parks,   829. 
(Irranite.    marbles,    and    other   building 
stones  of  the  South  :  Burchard, 
130. 
New  York:   Clarke.   198. 
Quel>ec :  Denis,  278. 
Texas,  Llano  and  Burnet  quadrangles : 

Paige,  817. 
United  States:  U.  S.  G.  S.,  1127. 
east  of  Mississippi  River :  Burchard, 
132. 
Wisconsin.      I^ke      Superior      region : 
Thwaites,   1085. 
Butte  district.  Montana:  Weed,  1171. 
Cadmium. 

United  States:  U.  S.  G.  S..  1127. 
California. 
General. 

Amargosa    Valley,    nitrate    prospects : 

Free.   340. 
Report  of  State  mineralogist :  Anbury,  < 

33:  Cal.  M.   B.,   156.       , 
Searles    Lake    region :    Hammpn,    424, 

425. 
State  Mining  Bureau  :  Storms,  1055. 
Economic. 

Borax,  Ryan  :  Gale,  351. 

Feather    River    black    sands :    Sperry, 

1012. 
Harrison  Gulch,   Shasta  Co. :   Kramm, 
607. 
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Oallfomia — Contlnaed. 
Econom  ic — Continued. 

Helester    mines,    Placer    Co. :    Storms, 

1054. 
High    Grade    district :     Stines,     1041, 

1042;  Storms,  1052. 
Iron      deposits,       Exigle      Mountains : 
Harder,  428. 
V    Los  Burros  district :  Davis,  268. 
Mother  Lode:  Storms,  1053. 
Nitrate  deposits :  Gale,  348. 
Oil  fields  :  Prutiman,  875 ;  Requa,  901. 
Potash,     Searles    Lalce    region :    Ham- 

mon,  424,  425. 
San  Joaquin  Valley :  Anderson,  15. 
Sierra      Nevada      mineral      deposits : 
Storms.    1051. 
Djfnamic  and  structural. 
J  Changes  of  level :  Wittich,  1233. 
Earthquakes,  after-shoclcs :  Kiess,  580. 
of    1011,    region    of    origin :    Wood, 

1241. 
registration     at     Berkeley :     Wood, 
1238,   1239,   1240. 
Pseudostratificatlon,      Santa      Barbara 
Co. :  Louderback,  677. 
\/  Silica    and    lime    deposition :    Darton, 

262. 
Physiographic. 

£1    Paso    Range    and    southern    Sierra 

Nevada :  Baker,  39. 
Yosemite  Valley  :  Matthes,  728. 
Stratigraphic. 

Eagle  Mountains :  Harder,  428. 

EI    Paso   Range   and    southern    Sierra 

Nevada  :   Baker,  39. 
Miocene    of    southern    coast    range    re- 
gion :    Louderback,   679. 
Monterey  scries :  Martin,  718. 
Neocene  section  at  Kirker  Pass :  Clark, 

188. 
San  Joaquin  Valley :  Anderson,  15. 
Tertiary    deposits    near    Coalinga    oil 

field  :  Dumble,  293. 
Triassic.    Shasta    Co.    section :    Smith, 

095. 
Tuolumne  Table  Mountain  :  Locke,  675. 
Paleontology. 

Miocene  invertebrates  :  Smith,  996. 
Monterey  series.  Martin.  718. 
IMelstoceno   rodents  :   Kellogg,  569. 
IMiocene  and  I^leistocene  Foramlnifera  : 

Bagg,   35. 
Rancho  La  Brea   fauna.  Canlda? :  Mer- 
riam.    745. 
Carnlvora  :   Merrlam,   740. 
Tertiary   freshwater   Molluscn  :   Hanni- 
bal.   427. 
Mineralogy. 

Cuprodesclolzlte  :  Schaller.  936. 
ManganeHo  phosphates  from  gem  tour- 
maline field  :   Schaller.  939. 
Rare  minerals  :  Rogers.  927,  928. 
Tourmaline  :  Schaller,  944. 
Underground  water. 

Owens  Valley :  Lee,  644. 
Cambria    coal    field,    Wyoming :     Simmons, 
980. 


Oambrian. 
Stratigraphy, 

General:  Walcott,   1145. 

Group  terms :  Walcott,  1149. 
British    Columbia,  -  Cambro-Ordoviclan 
lx>undary:   Walcott,  1146. 
East  Kootenay:  Schofleld,  953. 
Field  area  :  Allan,  9. 
Ice  River  district :  Allan,  10. 
Kicking  Horse  Valley  :  Walcott,  1152. 
Mount  Bos  worth :  Burling,  135. 
Sherbrooke  formation :  Burling,  135. 
Shuswap  lakes  region  :  Daly,  254. 
California,  southeastern :  Hershey,  452. 
Colorado,  Alma  district,  Patton  et  aL, 

834. 
Georgia,  northern :  Maynard,  738. 
Idaho,  Coeur  d'Alene  region :  Hershey, 

452. 
Iowa :  Norton  et  aL,  800. 
Missouri,    Ozark    region :    Crane,    233. 
Nevada,  eastern  :  Hershey,  452. 
New   York:   Hartnagel,  432;   Walcott, 

1148. 
North  America:  WilllB.  1212. 
Nova    Scotia,    Arisaig-Antigonish    dis- 
trict:  Williams,   1211. 
Pennsylvania,  central :  Ziegler.  1262. 
Lehigh    region :    Miller,    757 ;    Peck, 

839. 
South  Mountain  :  Eaton,  303. 
Quebec,  Orford  area  :  Harvie,  433. 

southern  :  Dresser.  288. 
Texas,      Llano     and      Burnett     quad- 
rangles :  Paige.  817. 
Vermont,    Albany    terranes :     Richard- 
son and  Collister,  905. 
Craftsbury :  Richardson,  904. 
Green    Mountain    region :     Perkins, 

845. 
Irasburg   terranes :    Richardson    and 
Conwav,  906. 
West   Virginia,    Paw^paw   and   Hancock 
quadrangles :  Stose  and  Swartz, 
1058. 
Wyoming.    Douglas   oil    field.    Converse 
Co. :  Jamison,  539. 

Paleontology. 

General:  Anonymous,  1275. 
Alabama:  Walcott  1144. 
Asaphidsp :  Raymond,  889. 
Brachiopoda  :  Walcott,  1150. 
Branchiopoda,    Malacostraca,    Trllobita 

and       Merostomata :       Walcott, 

1145. 

British  Columbia:  Walcott,  1154. 
.      Kicking  Horse  Valley  :  Walcott,  1152. 

New  York,  Potsdam-Hoyt  fauna  :  Wal- 
cott. 1148. 

Olenopsis :    Walcott,    1147. 

Scotland    and    North   America,    faunas 
compared  :  Peach,  836. 

Tennessee:   Walcott,   1144. 

Canada  (general).     See  also  names  of  prov- 
inces. 

General, 

Bore-hole  records :  Ingall,  532. 
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OtBtda — Cod  tinued. 
General — Con  tinued. 
Geological    Survey,    Summary    report : 

Brock,  107. 
Report     of     Mines     Branch :     Canada, 
Mines  Branch.  166. 
Eamomic, 
Asbestos:  Pearson  and  Hoff,  838. 
Building      and      ornamental      stones : 

Parks,  830. 
Clay  and  shale  deposits,  western  prov- 
inces :   Uies  and  Keole,  016. 
Clay  resources :  Keele,  564,  565,  567 ; 

Ries,  014. 
Coal  fields :  Denis,  277. 

western  Canada  :  Jacobs,  536. 
Coal  resources :  Dowling.  287. 
(lypsum  and  salt :  Cole.  215. 
Mica:  Schmid,  040. 
Mineral     production,     1010 :     Mcl^eish, 

708. 
Peat  bogs :  Anrop,  10. 
Pyrites:   Wilson.   1217,   1218. 
Paleontology. 

Report    on     invertebrates :     RnymontL 

888. 
Report  paleontological  division  :  Laml)e. 
626. 
paleobotany:  Wilson,  1222. 
Steeprock  series  fauna  :  Walcott,  1151. 
Vertebrates :  Lambe,  625. 
Mineralogy. 

Report    mineralogical    division :    John- 
ston, 556. 
Carboniferous. 
Stratigraphy. 

General:  Stevenson,  1036. 
Alabama,  coal  pebbles :  Prouty,  874. 

Fayette  field  :  Munn.  785. 
Alberta,  Roche  Miette  area :   Dowlin^;, 

285. 
Alaska.    Gulkana-Susitna   region :    Mof- 
fit.  760. 
Porcupine  to  Arctic  boundary :  Mad- 
dren,  712. 
Alaska-Yukon  boundary:  Cairnes,  150. 
British    Columbia,    Boundary    district : 
LeRoy,  655. 
Bast  Kooteuay :  Schofleld.  053. 
Fraser  Canyon  :  Camsell,  162. 
Nelson  area  :  I^Roy,  650. 
Skagit  Valley,  Yale    district:    Cam- 
sell,  164. 
Shuswap  lakes  region  :  Daly.  2.*>4. 
Vancouver  Island:  Clapp,  182. 
Colorado.  Alma  district :  Patton  et  a1., 
834. 
Grand    Mesa    and    West    Elk    Moun- 
tains :  Lee,  647. 
Lykins  formation  :  Girty.  368. 
Georgia,  northern :  Maynard,  738. 
Idaho,  east :  TJmpleby,  1123. 
southeastern :    Richards    and    Mans- 
field, 003. 
Illinois:  Blatchley,  70. 
Carlinyille  field:  Kay,  563. 
Carlyle  oil  fields :  Shaw,  070. 


Oarboniferoiis — Continued. 
Stratigraphy — Continued. 
Illinois — Continued. 

Mazon  Creek  :  Moodle,  775. 
Murphysboro  and    Ilerrin    quadran- 
gles :  Shaw  and  Savage,  072. 
Peoria  quaarangie:  Udden.  1117. 
Iowa  :  Keyes,  678 ;  Norton  ef  a/.,  800. 

southeastern:  Van  Tuyi,   1136. 
Kansas:  Parker,  826. 
Kentucky,    Black     Mountain    district : 
Dllworth,  284. 
Campton  field:  Munn,  783. 
Chattanooga  shale :  Kindle,  582. 
Chattanoogan  series:  Ulrtch,  1122. 
eastern  :  Miller,  756. 
Hartford  quadrangle :  Gardner,  355. 
Kenova  quadrangle :  Phalen,  850. 
Kentucky  River  region  :  Hodge,  470. 
Knox  Co. :  Munn,  784. 
Plnevllle   Gap:    Crandall    and    Sulli- 
van, 232. 
Tradewater     River     region :     Glenn, 

371. 
Webster  Co. :  (ilenn,  372. 
Maryland,  Pawpaw  and  Hancock  quad- 
rangles :      Stosje      and      Swartz, 
1058. 

Missouri,  Ozark  region  :  Crane,  233. 
Montana,   Electric   coal   field :   Calvert, 

150. 
Nebraska :    Barbour,   45. 
New    Brunswick :   Stopes,   1040. 
Bathurst  district :  Young,  1258. 
Moncton  area :   Young,   12.'50. 
New  Mexico,   northern :   Wllliston  and 

Case,  1216. 
New  York  :  Hartnagel,  432. 
North  America":  Willis,  1212. 
Nova     Scotia  :     Arisaig-Antigonlsh  dis- 
trict:    Williams.    1211. 
Joggins  section  :  Bell,  65. 
Ohio,      Bedford-Beroi      dlsconformlty : 
Prosser,  871, 
Chattanoogan    series:    Ulrich,    1122. 
Cleveland   shale,   age :   Cushlng,   246. 
Columbus    quadrangle :    Stauffer,    ct 
al,    1025. 

Fairfield,  Co. :  Hyde,  528. 
Kenova  quadrangle :    I'halen,   850. 
northeastern  :  Pros.ser,  872. 
Oklahoma,  northeastern  :  Snider,  1005. 
l*onca    City    field :    Ohern    and    Gar- 
rett,  M)3. 
red  beds :   Beede,   02. 
Osage  series  cherts:   Van  Tuyl.    1138. 
I'ennHylvanin,     Claysvllle     quadrangle : 
Munn,    782. 
Pawpaw  and   Hancock  quadrangles : 

Stose    and    Swartz,    1058. 
Washington    and    Greene    counties : 
Bolleau.  00. 

Permian  series :  La  Forge,  615. 
Prince  Fdward   I.'^Iand  :   Watson,  1150. 
Rhode     island.     Narragansett     Basin : 
Lahee,   617. 
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OarbonlferoQi — Continued. 
Stratigraphy — Continued. 

Tennessee,    Chattanoogan    series :    Ul- 

rich.  1122. 
Texas,  Llano  and  Burnet  quadrangles : 

Paige,  817. 
Utah,     northeastern :      Richards     and 

Mansfield,  903. 
Park  City  district :  Boutwell,  92. 
San  Juan  oil  field:  Woodruff,  1243. 
Virginia :  Branson,  103. 
West  Virginia,  Doddridge  and  Harrison 

counties :   Hennen,   447. 
Kenova  quadrangles :  Phalen.  850. 
Pawpaw  and  Hancock  quadrangles : 

Stose  and  Swartz,  1058. 
Wyoming,   Douglas   oil   field.   Converse 

Co. :  Jamison,  539. 
Yukon,  Porcupine  to  Arctic  boundary : 

Maddren,    712. 
Paleontology. 

Colorado,  Lykins  fauna :  Girty,  368. 
Diplocaulia,  Texas:  Moodie,  773. 
Echini :   Jackson,  535. 
Fusulinidse   of   North    America:    Staff, 

1017. 
Iowa,  Edestus :   Hay.  438. 
Lepidostrobus.  Warren  Co.,  Iowa  :  Til- 
ton,   1086. 
Montana,   starfish :   Raymond,  800. 
Natlcopsis:  Girty,  369. 
Nebraska.  Eurypterlds :  Barbour,  45. 
Newfoundland,  Psygmophyllum :  Arber, 

20.   21. 
New    Mexico,    Limnoscelis :    Wllllston, 

1214. 
Ohio,  northeastern  :   Prosser,   872. 
Texas,  cockroaches :  Cockerell,  212. 
Utah,    Park    City    district:    Boutwell. 

92. 
West  Virginia,  Ames  limestone  fossils : 

Beede,  61. 

Canal  Zone.     See  Panama. 

Caney  shales,  Oklahoma  :  Woodworth,  1240. 

Carlyle  oil  field  of  Illinois:  Shaw,  070. 

Cartorraphy. 

Planetable  in  geologic  mapping :  Pelton 
and  Irwin,  840 ;  Hansome,  884 ; 
Wegemann,    1180. 
Progress  in  1910 :  Adams,  2. 
Castle   Dome   lead   district,    Ariz. :    Nevius, 
797. 

Caverns.     See  Caves. 
Oavei. 

Kentucky,     Colossal     Cavern :     Ilovey, 
511. 
Mammoth    Cave:    Hovey,    510,    511; 
Turner,  1112. 
bibliography :  Hovey,  512. 
Nova  Scotia,  Hants  County :  l»rest,  807. 
Tennessee,    Monteagle    Cave:    Nelson, 
790. 

Gave  marble. 

Tennessee :  Gordon,  380. 
Cebolla  district,   Gunnison   County :   Singe- 
wald,  988. 


Cement  and  cement  materiala. 

Georgia,  north  :  Maynard,  738. 

Illinois :  Bleininger  el  al.,  84. 

Michigan :  Allen  et  al.,  13. 

New  York :  Newland,  798. 

Oregon  :  Parks,  828. 

Pennsylvania,    Lehigh    district:    Peck, 

839. 
United  States  :  U.  8.  G.  S.,  1127. 
Central  America.     Bee  Costa  Rica;.  Guate- 
mala, etc. 
Cephalopoda.     See  also  Mollusca. 

Jurassic      and      Cretaceous,      Mexico: 

Burckhardt,  133. 
Plectoceras   Jason,    New  York :  Ruede- 
mann,  933. 
Cetaoea. 

Correlation      North      American      and 

European  genera:  True,  1108. 
Whalebone   whales  allied   to  Balenop- 
tera :  True,  1106. 
Ceratopsia,  evolution  :  Lull,  686. 
Chanres  of  level.    See  also  Beaches;  Shore 
lines ;  Terraces. 
General:  Hull,  522. 

Alaska,  Yakutat  Bay :  Tarr  and  Mar- 
tin, 1066. 
Atlantic  coast :  Johnson,  550.  551. 
California  :  Wittlch.  1233. 
Massachusetts  :  Davis,  266,  267. 
Mexico,     Lower     California:     Wittlch, 

1233. 
New     Brunswick,     postglacial:     Gold- 

thwait,  378. 
Quebec,  postglacial :  Goldthwait,  378. 
Chattanoogan  series:  Ulrich,  1122. 
Chemical  analyses.     See  Ust,  p.  ifij. 
Chert.     See  Flint. 
Cherts  of  Osage  series,  origin:  Van  Tuyl, 

1138. 
Chromium. 

General :  Watson,  1163. 
Quebec :  I>enis,  278. 
CLimaeroids,  Cretaceous :  Hussakof,  526. 
Chontales      mining     district,      Nicaragua : 

Feust,  324. 
Choptank    quadrangle,    Maryland:    Miller, 

758. 
Claiiiflcation. 

Copper :  Butler,  140. 
Echini :  Jackson,  535. 
Igneous    rocks :     Johnson    and    Tlbby, 
653. 
symbols    in    quantitative    classifica- 
tion :  Cross,  239. 
Meteorites :  Foote  Min.  Co.,  334. 
Ore  deposits  :  Weed,  1175. 
Permian  :  La  Forge,  615. 
Quantitative     classification,     modlfica* 
tlons  of :  Cross  ei  al,,  240. 
Clay.     See  also  Fire  clay. 

General:  Eckel,   304;   Riea,  913. 

Geology  and  mining:  Soper,  1006. 
Canada:    Keele,   564,   666,   567;   Rlee, 
914. 
western  provinces :  Rles  and  Keele, 
916. 
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OiMj — Continued. 

Georgia,  nortb :  Maynard,  738. 
UUnoU,      Murphysboro      and      Herrln 
qnadransles :    Shaw    and    Sav- 
age, 972. 
Kentucky,  Hartford  quadrangle :  Gard- 
ner, 355. 
•  KenoTa  quadrangle :  Phalen,  850. 
New  York:  Newland,  798. 
Ontario:  Rles,  915. 
Oregon  :   Parka,  828. 
Quebec :  Rlefi,  915. 
South,  deposits  In :  Mlddleton,  755. 
Tennessee,    Henry     Co. :     Kirkpatrlck 

and  Nelson,  587. 
United  States:  U.  S.  G.  S.,  1127. 
Virginia,  Coastal  Plain:  Watson,  1161. 
West    Virginia,    Doddridge    and    Har- 
rison counties :  Hennen,  447. 
Climate,    geologic.     See    Paleocllmatology. 
Clymenla    fauna    in    American    Devonian : 

Raymond,    887. 
Coal.     See  also  Anthracite  ;  Lignite. 
General:  Stoek,  1043. 

Accumulation,     Perry     Co.,     Ohio : 

Hyde,   529. 
Analyses:  U.  S.  G.  S.,  1128. 
Formation  of  coal  beds:  Stevenson, 

1036. 
Genesis:   Thiessen,    1075. 
Resins    In    Paleozoic    coals :    White, 
1196. 
AIask4i,  Bonnifleld  region  :  Capps,  170. 
Matanuska     Valley :     Martin     and 
Katz,  722. 
Alberta:    Denis,   277;    Dowling,    280* 
Fullerton,  347. 
Blairmore  area :  Leach,  643. 
Roche  Miette  area  :  Dowling,  285. 
Arkansas:  Steel,  1027. 

Sebastian  Co. :  Shaw,  969. 
Black  Hills  region:  Stone,  1045. 
British  Columbia :  Denis,  277. 

Bear  River  field:  Galloway,  353. 
Comox   and   Suquash    fields:    Clapp, 

184. 
Groundhog    basin,    Skeena    district 

Malloch,  714,  715. 
Vancouver  Island:  Clapp,  182. 
Canada :  Denis,  277 ;  Dowling,  287. 

western :  Jacobs,  536. 
Colorado,  central :  Whiteside.  1 108. 
Gunnison  Valley:  Woodruff.  1245. 
lignite  fields:  Pierce,  857. 
Trinidad   district:   Whiteside,    1197. 
Illinois,      Murphysboro     and      Horrin 
quadrangles :  Shaw  and  Savage, 
972. 
Peoria  quadrangle:  Udden,  1117. 
Kentucky,    Black    Mountain    district : 
DUworth,  284. 
Cumberland  field:  Hodge,  480. 
eastern  field :  Miller,  756. 
Hartford  quadrangle:  Gardner,  355. 
Kenova  quadrangle:  Phalen»  850. 


Coal — Continued. 

Kentucky — Continued. 

Kentucky  River,  three  forks :  Hodge, 

479. 
Licking    Valley     region :     Crandall, 

231. 
Pinevllle   Gap:   Crandall  and   Sulli- 
van,  232. 
Quicksand  creeks  region :  Fobs,  330. 
Tradewater     River     region :     Glenn, 

371. 
Webster  Co. :  Glenn,  372. 
Maryland.    Georges   Creek    field :    Hall, 
423. 
Pawpaw  and   Hancock  quadrangles : 
Stose  and  Swnrtz.  1058. 
Michigan  :  Allen  et  a/.,  13. 
Montana,     Baker     field,     Custer     Co. : 
Bo  wen,  93. 
Culbertson  field  :  Beekly.  63. 
Electric    field,    Park    Co. :    Calvert, 

159. 
Glendive   lignite   field.   Dawson   Co. : 

Hance,  426. 
Livingston   and   Trail    Creek   fields: 

Calvert.   158. 
Milk  River  field  :  Pepperberg.  842. 
Sidney  field,  Dawson  Co. :  Steblnger. 

1026. 
Terry  field.  Custer  Co. :  Herald,  448. 
New  BruDsw^ick  :  lienls,  277. 
New    Mexico,    northern    central :    Lee, 
648. 
Tljeras    field.    Bernalillo    Co. :    Lee, 
646. 
North     Carolina,     Dan     River     field : 

Stone,   1046. 
North    Dakota,    Fort   Berthold    Indian 

Reservation  :  Plshel,  861. 
Nova  Scotia  :  Denis,  277. 
Ohio.  Kenova  quadrangle :  Phalen,  850. 
Oregon  :   I»arks,  828. 
Panama  :  MacDonald.  699. 
Pennsylvania.    Claysvllle    quadrangle : 
Munn,  782. 
Pawpaw   and   Hancock  quadrangles : 

Stose  and  Swartz,  1058. 
Washington    and    Greene    counties: 
Bolleau.  90. 
Saskatchewan :    Denis,    277 ;    Dowling, 

286. 
United    States:    Gulllotel,    407;    U.    S. 

G.  S.,  1127. 
Utah,  Blacktall   Mountain    field,    Wa- 
satch Co.  :  Lupton,  690. 
Uinta    Co.,    Vernal    field :     Lupton. 
689. 
Washington,  King  County :  Evans,  313. 

Roslyn  field  :   Daniels,  259. 
West    Virginia.    Doddridge    and    Har- 
rlson  counties :  Hennen,  447. 
Kenova  quadrangle:  Phalen,  850. 
Pawpaw  and  Hancock  quadrangles : 

Stose  and  Swartz,  1058. 
southern :   Parsons,  833. 
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Goal — Continued. 

Wyoming,    Cambria    coal    field :    Sim- 
mons, 980. 
Little  Powder  River  field.   Campl)cll 

Co.  :  Davis,  269. 
TxMt  Spring  field:  Winchester.  1231. 
Sheridan  coal  field :  Simmons,  981. 
Sussex  field  :  Wegemann,  1179. 
Wind    River   region :    Woodruff    and 
Winchester,   1246. 
Yukon  :  Denis,  277. 

Wheaton  district :  Cnlrnes,  140. 

Coal  Measures.     See  Carboniferous. 

Coast  lines. 

Mexico,     Lower    California :     Wittlch, 
1232. 
CoasUl  Plain:  Crosby,  235. 

Cobalt. 

United  States:  U.  S.  G.  S.,  1127. 
Cobalt,  OnUrio:  Tyrrell,  1115. 
Cochita  mining  district,  New  Mexico :  Statz, 

1021. 
Coelenterata.     See  Anthozoa  ;  Hydrozoa. 

Coke. 

T'nited  States:  U.  S.  G.  S.,  1127. 

Colorado. 
Economic. 

Alma  district.  Park  Co. :  Patton  et  ah, 

834. 
Alunlte  deposits  of  Roslta  Hills  :  Cross, 

236. 
Apishapa  quadrangle :   Stose,   1056.    H 
Breckenridge  placers :  Lakes.  610. 
CeboUa  district,   Gunnison  Co. :   Slngc- 

wald,  088. 
Central  coal  fields:  Whiteside.  1108. 
Coal   fields   of   Grand   Mesa   and   West 

Elk  Mountains  :   Lee.   647. 
Gold  of  Newlln's  Gulch:  Butlor.  147. 
Gunnison      Valley,      coal      resources : 

Woodruff,   1245. 
Iron,     tltaniferous,     Boulder    County : 

Jennings,  544. 
I^advllle:    Butler,    144,    145;    Moore, 

777. 
Lignite  fields :  Pierce,  857. 
Nitrate  deposits:  Galo.  348. 
Placer     mines     of     Summit     County : 

Brown,  122. 
Trinidad  district :  Whiteside.  1107. 
Tungsten       deposits,       Boulder       Co. : 

Greenawalt.  306. 
Vanadium,      southwostem      Colorado : 

Thomas.    1078. 
Dynamic  and  structural. 

Glacial  erosion,   San   Juan  Mountains  : 

Hopkins.   402. 
Sandstone  pinnacles :   Darton.   261. 
Phynioyraphic. 

.Vplshapa  quadrangle:  Stose,  1056. 

Mesa  Verde :   -Vtwood.   30. 

San     Juan     Mountains :     Atwood     and 

Mather.  32;   Hopkins,  402. 
Tellurlde  quadrangle,  glaciation  :  Hole, 

485. 


Colorado — Continued. 
Stratigraphic. 

Alma  district.  Park  Co. :  Patton  et  al, 

834. 
Apishapa  quadrangle :   Stose,  1056. 
Front      Range,      foothills,      structure: 

Richardson,  910. 
Glacial  epochs  in  San  Juan  Mountains : 

Atwood  and  Mather,  32. 
Grand  Mesa  and  West  Elk  Mountains : 

Lee.   647. 
Gunnison      Valley.      coal       resources : 

Woodruff.   1245. 
Monument    Creek    group :    Richardson. 

908. 
San   Juan    Mountains,   glacial   epochs : 

Atwood  and  Mather.  32. 
Tellnrlde  quadrangle,  glaciation  :  Hole. 
485. 
Paleontology. 

Anlmasaurus      carlnatus :      Case      and 

Wllliston,   177. 
Florissant:  Cockerell,  208. 

Coleoptera:   Wickham,   1202.   1203. 
Odonata :  Ris,  019. 
Raphidia  :  Cockerell,  211. 
Trichocnemis :  Muttkowski,  780. 
Fruits  and  flowers :  Cockerell,  200. 
Lyklna  fauna  :  Glrty,  368. 
Petropteron,    Pierre    formation :    Cock- 
erell, 210. 
Tertiary  freshwater  MoUusca :   Hannl- 

hal,  427. 
Tertiary  fungus  gnat :  Johannsen.  548. 
Petrology. 

Apishapa     quadrangle :      Cross.     237 ; 
Stose,   1056. 
Mineralogy. 

Calamine.  Leadville :  Paul.  835. 
Hlnsdallte :   Larsen  and  Schaller,  6.34. 
Hlnsdalito        and        natramblygonite : 

Schaller,  036. 
P.vrlte    crystals,    Spanish    Peaks:    Zl- 
mflnyi.  1263. 
Coloration  In  fossils :  Glrty.  360. 
Colossal  Cavern  :  Ilovey.  511. 
Columbus  quadrangle,  Ohio :  Stauffer  et  al., 

1025. 
Comstock,  vein  systems:   Smith.  001. 
Conoretions. 

Siliceous  oolites:  Moore.  778. 
Texas:  T'dden  and  Phillips.  1121. 
Congresses.     See  Associations. 
Connecticut. 
Oeneral. 

Report    of    geological    survey :    Conn. 
G.  S.,  221. 
Physiographic. 

Connecticut  Valley  :  Lull,  688. 
Stratigraphic. 

General:  Cleland,  202.  203. 
Central  Connecticut :  Barrell,  47. 
Connecticut  Valley:  Lull.  688. 
Preston  region  :  Ix>ughlln.  680. 
Paleontology. 
Connecticut  Valley:  Lull,  688. 
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Oomiectieiit — Continued. 
Petrology. 
Qabbros  and  associated  rocks  at  Pres- 
ton :  Loughlin,  680. 

Mimernlogy. 

Toarmallne :  Scballer,  944. 
Contact    mining   district,    Elko    Co.,   Nev. : 

Schrader,   955. 
Csataet  plieaomena. 

Arlsona,    Silverbell    district :    Stewart, 

1037. 
Mexico,   San   Luis  Potosi,   Dolores   de- 
posit :  Spurr  et  al.,  1016. 
Continental  platform :  Hull.  522. 
Ooppar. 

Oeneral. 

Geologic  classification  :  Butler,   140. 
Gossan   outcrops   of  cupriferous   py- 

rite:  Turner,  1111. 
Secondary    enrichment :    Welsh    and 
Stewart.    1181. 
Alaska,  Chltina  district :  Mofflt,  771. 
Iliamna    region :    Martin    and    Katz 

721. 
Taral  district  :  Mofflt.  770. 
Arizona,  Copper  Butte :  Prober t.  870. 
Globe.  Miami  mine :  I^veman,  682. 
Miami  district:  Weed,  1174. 
Morenci-Metcalf      district :      Butler, 

139. 
porphyry  deposits :  Tovote,  1095. 
Silverbell    district :     Stewart,     1037. 
1039. 
British  Columbia:  Wilson,  1218. 

Boundary  district,  Phoenix :   I^Roy, 

655. 
Klehinl  Valley:  Bryant,   125. 
Nelson  area  :  LeRoy.  656. 
VencouTer  Island:  Clapp.  182. 
Lake  Superior  copper  formation  :  Hub- 
bard. 516,  517;  Sperr.  1011. 
Mexico,    Sierra   Mojada    district :    Vnn 
Horn,   1135. 
Sonora.  Elisa  mine :  Lee,  645. 
Sahuaripa  district :  Ilynoa.  5.'10. 
Michigan:  Allen  cf  al,  13;  Here.  495; 
Hubbard,  516,  517. 
Keweenaw  series :  Lane,  627,  629. 
Lake  Superior  region  :  Meucho.  752  : 
nice,  902. 
Montana.    Blue    Bird    mine :    Winchetl 
and  Winchell,  1227. 
Butte    district:    Kirk,    586;    Weed. 
1171. 
Nerada,    Contact    district.    Elko    Co. : 
Schrader,  955. 
Ely  district:   Weed,   1176. 
Lyon    Co..    Nevada-DouKlas    mlncH : 
Read,   892. 
New    Mexico,    Hell    Canyon    district : 
State,  1020. 
Ray,  Pinal  Co. :  Clifford.  206. 
Santa  Rita,  Grant  Co. :  Clifford,  20.'). 
Ontario,  Point  Mamainse :  Lane.  62M. 
Sndbnry  field:  Coleman,  216;  Hore, 
496. 


Ooppar — Con  tinned. 

Quebec :  Denis.  278. 

United    States:    Guillotel,    407;    U.S. 

G.S.,1127. 
Washington,    Index    district :    Weaver, 

1168. 

Coral  reefs  and  islands. 

Devonian,  New  York  :  Smith,  990. 
Formation :  Howe,  515. 
Reef-building    and    land-forming    sea- 
weeds :  Howe.  514. 
Coral  n^fs  in  Triassic :  Smith,  995. 
Corals,     t^ee  Anthozoa. 
Correlation.     Hee  Stratigraphic. 
Oosta  Bica. 

Dynamic  and  atructural. 

Earthquakes.  1888:  Micliaud,  754. 
1900:  Tristfln,  1100. 
1910-1911  :  Tristfln.  1099. 
1911  :  Tristfln  and  Biolley.  1102. 
1912:   Tristfln.    1097. 
Guatuso,  1911:  Tristfln,  1098. 
Sarchi :  Tristfln  et  al.,  1103. 
Toro  Amarillo :  Alfaro  et  al.,  8. 
Earthquakes    and    volcanic    eruptions : 

Tristfln.   1096. 
Volcano  Reventado :  Tristfln,  1101. 
Phy9ioifraphic. 

General:   PIttler,    862. 
Stratiifraphic. 

General:  Romanes,  931. 
Peninsula  of  Nlcoya  :  Romanes.  932. 
Paleontolofiy. 

New  species  of  fossil  sheila :  Dall,  253. 

Craftsbury     terranes,     Vermont :     Richard- 
son, 004. 

Craniometry  of  Equldie  :  Osborn,  81.3. 
Croscentic     fractures     of     glacial     origin : 
Lahee,  616. 

Cretaoaous. 
Stratigraphy. 

Alaska  :   Martin.   720. 

MatanuMka  Valley  :  Martin  and  Katz, 


7**2 


Orange  group  :  Cairnes,  154. 
Alaska-Yukon   boundary  :   Cairnes.   1,50. 
Alberta,  Blnlrmon*  urea  :  Leach,  643. 
Roche  MIetto  area  :  Dowllng,  285. 
British      Columbia,      Trasor      Canyon : 
Camsell.    162. 
Skagit    Valley,    Yale    district  :    Cam- 

Meii.   164. 
Skeena  River  region  :  Malloch,  715. 
Van<-ouver  Island  :   Clapp.   182. 
Nanaimo  shoot :   Clapp.   183. 
Culifomla.    Coalings    oil    field    region  : 

Durable,   293. 
Canada,  westorn  :  RIes  and  Keole.  916. 
Colorado.  Aplsbapa  quadrangle :  Stose. 
1056. 
Grand    Mesa    and    West    Elk    Moun- 
tains :  Lee,  647. 
Greenland,  northeast :  Ravn,  886. 

western  :  Helm,  443. 
Iowa  :  Norton  et  al.,  800. 
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Cretaoeoni — Continued. 
Btraligraphy — Continued. 
Kansas :  Parker,  826. 
Mexico.  Durango.  San  Pedro  del  Gallo : 
Burckhardt.  133. 
eastern  :  Dumble,  294. 
Montana,  Culbertson  field.  Valley  Co. : 
Beoklj.  63. 
Custer  Co..  Terry  lignite  field :  Her- 
ald. 448. 
Electric  coal  field :  Calvert,  159. 
eastern  :  Calvert,  157. 
Livingston   and   Trail   Creek   fields : 

Calvert,  158. 
Milk  River  field :  Pepperberg,  842. 

Nevada,  Elko  Co. :  Scbrader,  955. 
New  Mexico,   north  central :  Lee,  648. 
North  America  :  Willis,  1212. 
North  Carolina.  Coastal  Plain :  Clark 

et  al,  193. 
North   Dakota.    Bismarck   quadrangle : 

Leonard.  654. 
South     Dakota,     Black     Hills:     Stone, 

1045. 
south   central :   Perisho  and   Visher. 

843. 
Texas,  IJano  and  Burnet  quadrangles : 

Paige.  817. 
Utah,  Uinta  Co.,  Deep  Creek  district: 

Lupton,  689. 
Virginia.    Coastal    Plain:    Berry,    67; 

Clark  and  Miller,  192. 

Wyoming.  Black  Hills:  Stone,  1045. 

Douglas  oil  field.  Converse  Co. :  Jam- 
ison. 539. 

Muddy  Creek  oil  field,  Carbon  Co. : 
Jamison.  539. 

Powder  River  oil  field :  Wegeman, 
1178. 

Salt  Creek  oil  field.  Natrona  Co. : 
Jaml.son.  .'>40. 

Sussex  coal   field  :   Wegemann,   1179. 

Wind  River  region :  Woodruff  and 
Winchester.  1240. 

Yukon.  Orange  group  :  Calmes,  154. 
Wheaton  district :  Calmes,  149. 

Paleontoloijy. 

Alberta,   Cretaceous   dinosaur :   Brown, 
120. 

Ceratopsia,  evolution  :  Lull,  686. 

Chiniflprolds  :   Ilussakof,  526. 

Colorado,    fossil    fruits    and    fiowers : 
Cockerell,  209. 
Pierre   formation,   Insect :   Cockerell, 
210. 

Conifers,  structure  :  Thompson,  1082. 

Dinosaurla  :  Lull.  687. 

Greenland,  nortboost :  Ravn.  886. 

Mexico.   San    Tedro  dol   Gallo :   Burck- 
hardt, 133. 

Mosasaurold     reptile    from     Alabama : 
Ollmore,  365. 

New  Jersey,  palm  :  Stevens.  1035. 
Pityoxylon  :  Bailey.  37. 
Pleurotomlidfp :  Pilsbry.  860. 

New  Mexico,  distribution  :  Lee,  648. 


Cretaceous — Continued. 
Paleontology — Continued. 

New   York,    Long   Island,   Cretaceous: 

Hollick.  489. 
North  Carolina,  Coastal  Plain:  Clark 

et  al.,  193. 
Texas.  Mesozolc  flora :  Berry,  70. 
Virginia.    Coastal    Plain :    Clark    and 
Miller,  192. 
Crlnoidea.     See  also  Echinodermata. 

Devonian,  Montana  :  Raymond,  890. 
New  York.  Devonian :  Olsson,  805. 
Cripple  Creek  gold  area :  Bruce,  124. 
Cmttaoea. 

British  Columbia,  Cumbrian :  Walcott, 
1145. 
Cryolite. 

United  States :  U.  8.  G.  S.,  1127. 
Cryptogams.     See  Paleobotany. 
Crystallization,    order    In    Igneous    rocks: 

Bowen,  96. 
Cryttallorniphy. 
General, 

Color    scheme    for    crystal    models : 

Chadwlck.    178. 
Crystallographic      tables :       Bowles, 
101:    Wherry,    1186;    Whltlock, 
1200. 
Heat      conductivity      of      crystals : 
Clark,  194. 
Brithollte:  BOgglld.  85. 
Calamine,  Mexico :   Seebach  and  Paul, 

959. 
Chrysoberyl    and   pyroxene :    Whltlock, 

1199. 
Cryolite  group:  B5ggild,  86. 
Cryolite,  perovskite,  and  boracite.  Bog- 
gild.  85. 
Gypsum  :  Kraus  and  Y^oungs.  609. 
Herderlte  from  Maine :  Ford,  336. 
Lead  silicates :  Kraus  et  al.,  610. 
Mineral  sulphides  of  iron  :  Larsen.  633. 
Mosesite:  Schaller.  936. 
Pyrite:  Zimanyi,  1263. 
Quartz,    Alexander    Co.,    North    Caro- 
lina :    Pogue    and    Goldschmidt, 
864. 
Turquoise,  Virginia :  Schaller,  936.  938. 
Varisclte,    Utah :    Schaller,    936,    940. 
941. 
Cuba.    See  also  West  Indies. 
Ecotwmic, 

Iron  deposits,  Mayarl :  Guardiola.  406. 
Culbertson    lignite     field.     Valley     County, 

Montana  :  Beekly,  63. 
Cuyuna    iron    range,    Minnesota :    Thomas, 

1079. 
Cycadeoldea,  flower  buds :  Wieland,  1204. 
Daemonelix :  I'erisho  and  Visher.  843. 
Dan     River     coal     field.    North     Carolina : 

Stone,  1046. 
Decomposition   of  rocks.     See  Weathering. 
Deep  Creek  district,  Uinta  Co.,  Utah :  Lup- 
ton, 689. 
Definitions.     See  Nomenclature. 
Delphlnodon    from    Miocene   of    Maryland: 
True,  1106. 


INDEX. 


129 


Dtltu. 

Ancient  delta  deposits :  Grabau,  389. 
Criteria   for   recognition   of   delta    de- 
posits :  Barrel!,  48. 
Delta   deposits:    Barrell,   48;    Grabau, 

389. 
Esker  fans,  structure:  Jaggar,  537. 
Virginia,  New  Rirer  district.  Mississlp- 
plan  delta  :  Branson,  103. 
Deposition.     Bee  aUo  Sedimentation. 

Silica    and    lime    deposition :    Darton. 
262. 
Deposition  of  ores.     See  Ore  deposits,  ori- 
gin. 


North    American   deserts :    Macdougal, 
703. 
Devonian. 
Oeneral. 

Climatic  zones:  Matthew,  730. 
Stratigraphv. 

Alaska,  Porcupine  to  Arctic  boundary : 

Biaddren,  712. 
Alberta,  Roche  Miette  area:   Dowling, 

285. 
Greenland,  Julianehaab  region  :  Ussing, 

1130. 
Georgia,  northern :  Maynard,  738. 
Idaho,  east:  Umpleby,  1123. 
Illinois,      Mnrphysboro      and      Herrin 
quadrangles:  Shaw  and  Savage, 
972. 
Peoria  quadrangle:  Udden,  1117. 
Iowa  :  Keyes,  578 ;  Norton  et  al.,  800. 
Cedar  Valley-Lime  Creek  unconform- 
ity: Thomas,   1076. 
Kentucky.  Chattanooga  shale  :   Kindle, 
582. 
Chattanoogan  series:  Uirlch.  1122. 
Maryland,  Pawpaw  and  Hancock  quad- 
rangles :      Stose     and     Swartz, 
1058. 
Missouri,  Ozark  region  :  Crane,  233. 
New     Brunswick,     Bathurst     district : 
Young,   1258. 
southern:  Ells.  307. 
New    York:    Clarke,    198;    Hartnagel, 
432. 
Hamilton  shale,  coral  beds:   Smith, 
990. 
North  America:  Willis,  1212. 
Nova    Scotia,    Arlsaig-.^ntigonish    dis- 
trict:  Williams,   1211. 
Ohio,  Bedford  shale:  Glrty.  370. 
Chattanoogan   series:    Ulrich,    1122. 
Cleveland  shale,  age:  Cushing,  246. 
Colambus    quadrangle :    StaufTer    et 

al,  1025. 
FairlSeld  Co. :  Hyde,  528. 
northeastern :  Prosser,  872. 
northern :  Kindle,  583. 
Oklahoma,  northeastern :  Snider,  1005. 
Onondaga  formation,  Allegheny  region : 

Kindle,  581. 
Ontario,  Detroit  Blver  area:  Nattress, 
798. 

,  8172*— Bull.  545—13 0 


Devonian — Continued. 

Stratigraphy — Continued. 
Ontario — Continued. 

Oriskany  sandstone:  Stauffer,  1024. 
southwestern  :  Stauffer,  1023. 
Pennsylvania.    Claysvllle    quadrangle : 
Munn,  782. 
Lehigh   Gap:   Miller,   757. 
Pawpaw  and  Hancock  quadrangles : 
Stose  and  Swartz,  1058. 
Quebec,  Orford  area  :  Harvle.  433. 
Tennessee,    Chattanoogan    scries :    Ul- 
rich.   1122. 
Vermont,  Craftsbury :  Richardson,  904. 
West  Virginia,   Pawpaw  and   Hancock 
quadrangles :  Stose  and  Swartz, 
1058. 
Yukon,  Porcupine  to  Arctic  boundary : 
Maddren,  712. 
Paleontology, 

Clymenla    fauna,    Montana    and    New 

York :    Raymond,    887. 
Fishes  from  Scaumenac  Bay,  Quebec: 

HusKukof,  525. 
Montana,  crinoid :  Raymond,  890. 
New  BnmHwlck.  southern  :   Ells,  .107. 
New  York:   Clarke,   108;  Olsson,   805. 
Palieechlnoidea :   Olsson,  804. 
starfishes    near    Saugertles :    Clarke, 
200. 
Ohio,  northeastern :    Prosser,  872. 
Onondaga     fuuna,     Allegheny     region: 

Kindle,  581. 
Quebec,   fishes   from    Scaumenac    Bay : 
Hussakof.  525. 
Diamonds. 
Oeneral. 

Genesis:   Derby,   270. 
Arkansas :    Glenn,    374,    375. 
British    Columbia.    Tulameen   district: 
Camsell,    165. 
Diatomaceous  earth. 

Virginia,  Coastal  Plain  :  Watson,  1161. 
DIceratherlura  :  Peterson.  840. 
DIctyonema    fauna    of    Navy    Island.    New 

Brunswick :  Hahn,  421. 
Differential      erosion      and     equlplanatlon : 

Calrnes,  153. 
Dikes. 

Kentucky,  Elliott  dike  :  Crandall,  231. 
Pennsylvania,  South  Mountain :  Eaton, 
303. 
Dinosanria. 

Alberta  :  Matthew.  7,13. 
Ceratopsla.  evolution  :  Lull,  686. 
Crested  dinosaur  from  Alberta  :  Brown, 

120. 
Cretaceous  dinosaurs :  Lull,  687. 
Jurassic :   Holland,  487. 
Stegosaurus :  Gilmore.  367. 
Trachodon,  Integument :  Osbom,  812. 
TrachodontIdfl>.    osteology    of    manus : 

Brown,  119. 
Turtle,  analogy  to:  Wleland.  1205. 
Tyrannosaurus    and    Allosaurus :    Os- 
born,  811. 
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Dlplocaulia  :  Moodle,  773. 
Dislocations.     Bee  Faulting. 
Distribution.     See  Geographic  distribution. 
Dome  theories  in  Gulf  coast  geology:  Har- 
ris, 430. 
Dome  theory  of  the  Coastal  Plain:  Lucas, 

685. 
Douglas  oil  field.  Converse  Co.,  Wyo. :  Jami- 
son, 539. 
Drainage  changes. 

Nebraska,  northeastern :  Todd,  1088. 
Ohio,  Fairfield  Co. :  Hyde.  528. 

Miami  and  Kentuclcy  rivers :  Fenne- 
man,  320. 
South     Dakota,     southeastern:     Todd, 
1088. 
Drift  deposits.    See  also  Glacial  geology. 
Illlnoli,    Wheaton    quadrangle:    Trow- 
bridge, 1104. 
Dunes. 

Indiana :  Shannon,  967. 
Dynamic  and  stmotnral  (general).     For  re- 
gional see  names  o/  States.     See 
also    list    of    subject    headings 
on  p.  Ilk. 
Erosion  observations,  Clifty  and  Butler 
ravines,  JeflTerson  Co. :  Culbert- 
son,  241. 
Limestone,  formation  near  tide  level : 

White,  1195. 
Pebble  deposits :  Bagg.  36. 
Pseudostratification,     Santa     Barbara 

Co.,  Cal. :  Louderback,  677. 
Pyrite     oxidation     producing     heated 
strata:    MacDonald,    697,    698; 
Williams,   1208. 
Reef-building    and     land-forming    sea- 
weeds :  Howe,  514. 
Ripple     marks,     tracks,     and     trails : 

Brown,  110. 
Vein    systems,    relative    age :     Busta- 
mante,  138. 
Earth,  interior. 

Rocks,  limiting  strength :  King,  585. 
Zone  of  fiow,  depth  :  Adams,  3. 
Earth,  origin. 

Radioactivity,     bearings    on    geology : 
Chamberlin.  179. 
Earth,  temperature. 

Geothermic   gradients   and   petroleum : 

Shaw,  971. 
Oil  regions,  temperature :  HSfer,  482. 
Radioactivity,    bearings    on    geology : 
Chamberlin,   179. 
Earth     flow,     Gros     Ventre     slide :     Black- 
welder.   78. 
Earthquakes.     See  also  Seismology. 
General. 

In   1911  :   Reid,  894. 
Alaska,  Yakutat  Bay :  Tarr  and  Mar- 
tin, 1066. 
Arizona,  1912  :  Tolman.  1093. 
California:   Wood.   1238-1241. 

after-shocks :   Kiess.   580. 
Costa  Rica :  Trist&n.  1096. 
1888:  Michaud,  754. 
1900 :  Trist&n,  1100. 


Earthquakes — Continued. 
Costa  Rica — Continued. 
1910-1911 :  TrUtAn,  1099. 
1911:    TrUUn,    1098;    TristAn   and 

Biolley,   1102. 
1912:  Tristan,  1097. 
Sarchi :  Tristfln  et  al„  1103. 
Toro  Amarlllo :  Alfaro  et  aU,  8. 
Haiti:  Scherer,  947.  948. 
Jamaica,  earthquake  of  1907 :  Cornish, 

22Q. 
Mexico,  Guadalajara :  Ordofiez,  807. 
mlcroseisms  in  1911 :  Merico  G.  S., 
753. 
Missouri,  New  Madrid:  Fuller.  343. 
New   York,   earthquakes   registered  at 

Albany:   Clarke,   198. 
United  States  and  dependencies:  Eeid, 
895. 

East  Kootenay,  British  Columbia :   Sehofield, 

953,  954. 
Eastport     quadrangle,      Mabie,     Paleozoic 

faunas:  Williams,  1209. 

Echini,    phylogeny    (Jackson)  :    Schuchert, 
956. 

Echinodermata.    See  also  Asteroldea ;  Blas- 
toidea  ;    Crinoidea  ;    Cystoldea ; 
Echinoidea. 
Ordovician,  Ontario:  Raymond,  890. 

SohiBoldea. 

Jackson  on  phylogeny  of  Echini : 
Schuchert,  956. 

New  York,  Devonian  :  Olsson,  804. 

Phylogeny  of  the  Echini :  Jackson. 
535;    Schuchert.   956. 

Tertiary  Echini  :  Stefanini.  1028. 
Economic  (general).     For  regional  see  names 
of    States.      See    also    Ore    de- 
posits, origin ;  and  the  particu- 
lar products. 

General:  Stewart,  1038. 

Applied  geology:  Brooks,  110. 

Classification  of  metalliferous  mineral 
lands :  Stone,  1047. 

Cross-fractures  and  ore  shoots :  Web- 
ber, 1170. 

Examination  of  prospects :  Gunther, 
408. 

Fissure  veins,  depth  and  continuity: 
Lakes,  623. 

Fissures,  depth  of:  Adams,  3. 

Geological  diagnosis:   Irving,  534. 

Geology  and  ore  deposits :  Weed,  1177. 

Geology  applied  to  mine  examination : 
Joralemon,  561. 

Hydrothermal  alteration  of  granite: 
Moore,  779. 

Literature,  recent :  Knopf  and  Umple- 
by,  598-600;  Loughlin  and 
Goodspeed,  681 ;  Umpleby.  1126. 

Oxidation  of  sulphides :  Gottschalk 
and  Buehler,  384. 

Progress  in  1911 :  Ransome,  883. 

Replacement  ore  bodies :  Stevens,  1031. 

Shearage  zones  and  mineral  veins : 
Lakes,  622. 
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Eeo&omlo  (general) — Contioued. 

Teaching  of  economic  geology :  Smith. 

1002;  Tolman    1091. 
Transportation  and  deposition  of  Kold 

In  nature :  Lenher,  653. 
Ecaeme    aa    geologic    chronometer :    Lach- 

mann,  614. 
Edentates,  ancestry :  Matthew,  734. 
SdaoattoaaL    See  aUo  Textbooks. 

Teaching  of  economic  geology :   Smith, 

1002;  Tolman,  1091. 
Electric  coal  field.  Park  County,  Montana : 

Calvert.  159. 
Bleyatlon  and  subsidence.     Bee  Changes  of 

level. 
Elk    Mountain    mining    district,    Elko    Co.. 

Nev. :  Schrader,  955. 

Ely  district,  Nevada :  Weed,  1176. 
Eaiaaatlona. 

Classification :  Stevens,   1032. 
Physical  data :  Stevens,  1033. 
Emerald. 

North  Carolina:  Sterrett,  1030. 
Eocene.     See  Tertiary. 
Eolation.     See  Wind  work. 
Eolian  action.     See  Wind  work. 
Dozoon  :  Kirkpatrick,  588,  589. 
Eozoon    canadense.    Cote    St.    Pierre,    Que- 
bec: Stansfield,  1018. 
Equids,  craniometry :  Osbom,  813. 
Equiplanation     In     Yukon     and     Alaska : 

Caimes,   153. 
ErosioB.     Bee    aUo    Glacial    erosion ;    Sedi- 
mentation. 
Oeneral:  Tyrrell,  1116. 
Arid  regions :  Keyes,  579. 
Colorado.   San  Juan   Mountains :   Hop- 
kins, 492. 
Cross     cutting     and     retrograding     of 
stream  beds :  Dellenbaugh,  276. 
Differential  erosion  and  equiplanation : 

Caimes,  153. 
Indiana,    Clifty    and    Butler    ravines, 

Jefferson  Co. :  Culbertson,  241. 
Niagara  Gorge :  Spencer.  1008. 
Ohio,  Plum  Creek:  Wright,  1256. 
Peneplanation  by  wind :  Keyes,  573. 
Plateau  plains :  Keyes,  524. 
Postglacial:  Wright,  1256. 
Rock-cut   surfaces    in    desert     ranges. 

Paige,  819. 
Sandstone  pinnacles :  Darton,  261. 
Eruptive  rocks.     See  Igneous  and  volcanic 

rocks. 
Esker  fans,  structure :  Jaggar,  537. 
Sikera. 

Formation  of:  Trowbridge,  1104. 
Essays.     See  Addresses. 
Eurypterida:    Clarke,    198;     Clarke     and 

Ruedemann,  201. 
BvotatioB. 

Limbs,  origin  from  fins :  Gregory,  401, 

402,  403. 
Origin    of    certain     unit     characters : 

Osbom,  810. 
Paleontologiat's  view:  Osborn,  808. 
Tetrftplaay:  Oabom,  814. 
y«rtebxmtea :  WUliston,  1218. 


Experimental  litTsstlgations. 

Flow  of  rocks :  Adams,  3. 

Ice,  properties :  Tarr  and  Rich,   1068. 

Intrusions,  effects :  Garfias,  857. 

Joint  planes :   Sheldon,  974. 
Fanglomerate :   Lawson,  639. 

Faulting. 

General:  Lakes.  621. 

Nomenclature :  Reid,  897. 

Alaska,  Yakutat  Bay  :  Tarr  and  Mar- 
tin, 1066. 

Colorado,  Front  Range :  Richardson, 
910. 

Idaho,  Bannock  overthrust :  Richards 
and    Mansfield,   903. 

Montana.  Butte  district:   Weed,   1171. 

Nevada,  Genoa  :  Lawson,  638. 

New  York,  overthrust  faulting :  Clarke, 
198. 

Utah,    Bannock    overthrust :    Richards 
and  Mansfield,  903. 
Park  City  district:  Boutwell,  92. 
Feldspar. 

New  York :  Newland,  798. 

Ontario :    Schmid,   950. 

Quebec :   Schmid,  950. 

United  States :  U.  S.  G.  S.,  1127. 
Field  work. 

Planetable  in  geologic  mapping:  Pel- 
ton  and  Irwin,  840 ;  Ransome, 
884;  Wegemann,  1180. 

Recording  notes:  KUmmel,  611. 

Fire  olay. 

Colorado,  Aplshapa  quadrangle :  Stose, 
1066. 
Fishes.     Bee  Pisces. 
Fissures.     Bee  Faulting. 
Florida. 
General. 

Report  Geological  Survey,  1910-1911 : 

Sellards,  960. 
Road   materials :   Sellards  et  al.,  964. 
Economic. 

Phosphate,    1910:    Sellards,   962. 
Soils :  'Sellards,  961. 
Underground  icater. 

Western  Florida :  Sellards  and  Gun- 
ter,  963. 

Fluorite. 

Texas,  Llano  and  Burnet  quadrangles : 
Paige,  817. 

Fluorspar. 

United  States:  U.  S.  G.  S.,  1127. 
Folding. 

General:  Lahec,  617. 

Connecticut.  Preston  region  :  Loughlin, 
680. 
Footprints. 

Connecticut,  Trlasslc:  Lull.  688. 

Foramlnifara. 

California.    Pliocene    and    Pleistocene : 

Bagg,  35. 
B^usulinids :   Staff.  1017. 
Fossils.     Bee  Paleontology. 
Fraser  Canyon,  British  Columbia :  Camsell, 
162. 
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Fuller's  earth. 

General:  Van  Horn,  1134, 
Arkansas :  Branner,  102. 
United  States :  U.  S.  G.  S..  1127. 
FusullnidSB:  Staff,  1017. 
Oamet. 

New   York:   Newland,   798. 
Warren   Co. :  Miller,   764. 
Gas.    See  Natural  gas. 
Oastrolitlis. 

Stomach    stones    of    reptiles :    Moodle, 
774. 
Oastropoda.     See  also  Mollusca. 

Colorado :    Lykins    fauna :    Glrty,    368. 
Naticopsis:  Girty,  369. 
New    Jersey,    Cretaceous,    Pleurotomii- 
^  d»:  Plisbry,  860. 

Protoconcb    in    classification :    Grabau, 

387. 
Tertiary    Mollusca     from    the    West : 
Cockerel  1  and  Henderson,  213. 
Gems.     See  Precious  stones. 
Genesis  of  ores.     See  Ore  deposits,  origin. 
Oeochemistry. 

Geochemical  statistics :  Clarke,  195. 
Mineral  sulphides  of  iron  :  Allen  et  ah, 

12. 
Oxidation     of     sulphides :     Gottschalk 

and  Buehler.  384. 
Silica,    forms    and    relations:    Fenner, 

321. 
Temperature  measurements  of  geologi- 
cal  occurrences :   Koenigsberger, 
605. 
Transportation  and  deposition  of  gold 

in  nature :  Lenher,  653. 
Vanadium     and     chromium :     Watson, 
1163. 
Geodes. 

Origin:  Van  Tuyl.   1137. 
Oeographio  distribution. 
General:  Scharff,  946. 
Climate  and  evolution  :  Matthew,  735. 
Eocene  Mollusca  :  Maury,  736.  737. 
Pleistocene  faunas :   Hay.  437. 
Triasslc.  lower  :  Smith.  994. 
Geologic  climate.     Sec  Paleoclimatology. 
Geologic  formations  described.    See  list, p.  HI. 
Geologic    formations,    tables.      Sec    Strati- 
graphic,  Tables  of  formations. 
Oeologio    history.     Sec    also    Paleoclimatol- 
ogy ;  Paleogeography. 
General. 

Delta  deposits  :  Barrell,  48. 
Alaska,  Gulkana-Susitna  region  :  Mofflt, 
769. 
Iliamna    region :    Martin    and    Katz. 

721. 
Koyukuk-Kobuk  region  :    Smith.  1001. 
California,    Eagle    Mountains :   Ilardor. 
428. 
southorn  :  Baker,  ,39. 
Canada  :   Parks,  830. 
Carboniferous :  Stevenson,  1036. 
Colorado,  Apishapa  quadrangle :  Stose, 
1056. 


Oeolorio  history — Continued. 
Connecticut:  Lull,  688. 
central :  Barrell,  47. 
Costa  Rica  :  Romanes,  931. 
Greenland,  Julianehaab  region  :  Ussing. 

1130. 
Idaho :  Umpleby,  1125. 
Illinois,      Murphysboro      and      Herrin 

quadrangles:  Shaw  and  Sarage, 

972. 
Kentucky,  KenoTa  quadrangle :  Phalen, 

850. 
Lake  Champlain  :  Perkins,  845. 
Maryland :  Md.  G.  S.,  724. 

Choptank  quadrangle  :  Miller,  758. 
Pawpaw  and  Hancock  quadrangles: 

Stose  and  Swarts,  1058. 
Nevada,    Contact    district,    Elko    Co. : 

Schrader,  955. 
New     Brunswick,     Bathurst     district : 

Young,  1258. 
New  Mexico,  Santa  Rita  region :  Paige, 

821. 
New  York,  Devonian  :  Smith,  990. 
North  Carolina,   Coastal  Plain :   Clark 

et  al.,  193. 
North    Dakota,    Bismarck   quadrangle: 

Leonard,  654. 
Ohio,  Ken  ova  quadrangle :  Phalen,  850. 
Oklahoma,  northeastern :  Snider,  1005. 

Talihina  region  :  Woodworth,  1249. 
Oregon,  Crater  Lake :  Dlller,  282. 
Pennsylvania,    Claysville    quadrangle : 

Munn,  782. 
Pawpaw  and  Hancock  quadrangles : 

Stose  and  Swartz,  1058. 
Quebec,  southern  :  Dresser,  288. 

South  Dakota,  south  central :   Perisho 

and  Yisher,  843. 
Texas,  Llano  and  Burnet  quadrangles : 

Paige,  817. 
Tertiary,     Montana- Idaho- Washington  : 

Hershey,  451. 
United  States  :  Black  welder,  76. 
Utah:  Umpleby,  1125. 

Park  City  district:  Boutwell,  92. 

Vermont.     Irasburg:     Richardson    and 

Conway,  906. 
Virginia,  Carboniferous :  Branson,  103. 
Coastal  Plahi:  Clark  and  Miller.  192. 

Washington,     Index    mining    district : 
Weaver,  1168. 
western :  Weaver.  1169. 
West    Virginia,     Kenova    quadrangle : 
Phalen,  850. 
Pawpaw  and  Hancock  quadrangles : 
Stose  and  Swartz,  1058. 
Wisconsin :    Hotchkiss    and    Thwaites. 
501. 
Green  Lake  County :  Alden,  6. 
Wyoming,  Cenozoic :  Baker,  40. 
Cody  region  :  Sinclair.  983,  984. 

Yellowstone    National     Park :     Hague. 

417. 
Yukon,  Wheaton  district :  Caimes,  149. 
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Qeoloffie  mapa. 

Alabama,  Coosa  coal  ileld :  Prouty.  873. 
Alaska.  Alaska  Range  glaciers :  Capps. 
172. 
Alatoa-Noatak  region  :  Smith.  998. 
Bonnlfleld  region :  Capps,  170. 
Bremner  River  region :  Mofflt,  770. 
Copper  River  glaciers :  Martin,  723. 
Copper  River  region  :  Mofflt,  769. 
Gnlkana-Susitna  region :  Mofflt.  709. 
Hanaglta  Valley:  Mofflt  770. 
Iliamna    region :    Martin   and    Kntz. 

721. 
Janeau  gold  belt :  Knopf.  594. 
Blatanuska  Valley  :  Martin  and  Katz. 

722. 
Rampart  and  Hot  Springs  rogionn : 

Eakln,  297. 
Sitka  district :  Knopf,  595. 
Tentna  district :  Capps,  171. 
Tnkon   River    (upper)    region :   Prln- 
dle  and  Mertle,  869. 
Alberta:  Rles  and  Keele,  916. 
Arctic  regions  (part)  :  Bugge.  127. 
Arlsona,    Sllverbell    district:    Stewart. 

1037.  1039. 
British   Columbia.   Boundary   district: 
LeRoy,  655. 
Observatory   Inlet :   McConnell,   094. 
Portland  Canal  mining  district :  Mc- 
Connell, 695,  696. 
Skagit   Valley,    Yale   district :   Cam- 
sell,  164. 
Vancouver  Island :  Clapp,  182 ;  Clapp 
and  Allan.  185. 
Nanalmo  sheet:  Clapp.  183. 
southern :  Clapp.  182. 
California.    Eagle    Mountain    district : 
Harder,  428. 
San  Joaquin   Valley:   Anderson.   15. 
Shasta  Co.,  Harrison  Qulch :  Kramm, 
607. 
Canada  :  Canada  G.  S.,  109. 
Colorado,  Alma  district:  Patton  et  ah, 
834. 
Aplahapa  quadrangle :  Stose.  10r>0. 
Cebolla  district:  Slngewald.  988. 
Denver-Colorado       Springs      region : 

Richardson.  908. 
glacial  deposits  :  At  wood  and  Mather, 
32. 
Connecticut,  cental :  Barrell.  47. 
Florida,   physiographic :   Sellards.   001 . 
Georgia.  Appalachian  Valley  and  Cum- 
berland Plateau :  Maynard.  738. 
Greenland.  Jullanehaab  region  :  Ussing. 

1130. 
Illinois:  111.  O.  S..  531. 

Marion  County  oil  fields :  Blatchley, 

79. 
Hurphysboro    and    Herrln    quadran- 
gles :  Shaw  and  Savage,  972. 
Peoria  quadrangle:  Udden.  1117. 
Wheaton    quadrangle :     Trowbridge, 
1104. 
Iowa:  Norton  et  al,  800. 


(^eologio  maps — Continued. 
Kansas:  Parker.  826. 
Kentucky,  eastern  :  Miller,  756. 

Kenova  quadrangle :  Pbalen,  850. 
Manitoba :  Rles  and  Keele.  916. 
Maryland,   Choptank   quadrangle :   Mil- 
ler, 758. 
Pawpaw  and  Hancock  quadrangles : 
Stose  and  Swarts,  1058. 
Michigan,  Isle  Royale :  Lane,  627. 
Missouri  :  Crane,  233. 
Montana,     Baker     field,     Custer     Co. : 
Bowen.  93. 
Butte  district:  Weed,  1171. 
Culbertson  field,  Valley  Co. :  Beekly, 

03. 
Custer  Co..  Terry  lignite  field  :  Her- 
ald. 448. 
Dawson   Co.,   (Jlendlve   lignite   field : 

Hance,  426. 
eastern  :  Cnlvort,  157. 
Electric  coal  field.  Park  Co. :  Calvert, 

159. 
Glacier    National    Park,    Pleistocene 

deposits :  Alden,  5. 
Livingston     and     Trail     Creek     coal 

fields  :  Calvert.  158. 
Sidney     field,     Dawson     Co. :     Steb- 
Inger,  1020. 
Nevada,    Jarbidge,    Contact,    and    Elk 
Mountain       mining       districts : 
Schrader,  955. 
New    Brunswick,     All)ert    and     West- 
moreland    counties :     Ells     and 
Ells.  308. 
Nlplslguit    iron-ore    deposit :    Young, 
1258. 
New  Madrid  earthquake :  Fuller,  343. 
New  Mexico.  Santa  Rita  region :  Paige, 
821. 
Tijeras    field.    Bernalillo    Co. :    Lee, 
646. 
New   York.   Hudson   River    (lower)    re- 
gion :  Hovey,  ,505. 
Nicaragua.    Pla-IMs    district :    Hershey, 

450. 
North  America  :  Willis.  1212. 
North  Carolina.   Coastal   Plain :   Clark 
€t  al.  193. 
Dan  River  coal  field  :  Stone.  1046. 
North    Dakota,    Bismarck    quadrangle : 

Leonard.  0,14. 
Nova  Scotia:  Rlckard.  911. 

Hall   Harbour  sheet :   Canada   G.   8.. 

107. 
KIngsport  sheet :  Canada  G.  S..  108. 
Ohio,    Columbus    quadrangle :    Stauffer 
c1  a/.,  102."». 
Kenova  quadrangle :  Pbalen,  850. 
peat  deposits :  Dachnowskl.  248. 
southwestern:  Fuller  and  Clapp, ,346. 
Pleistocene :     Fuller     and     Clapp, 
,346. 
Oklahoma,  northeastern,  Misslsslpplan- 
Pennsylvanlan   contact :   Snider. 
1005. 
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Geologic  mapi — Continued. 

Ontario,    Eagle    Lake    area :    Parsons, 
832. 
Gowganda   to    Porcupine   area :    Mc- 
Millan, 709. 
Larder  Lake  district :  Wilson,  1220. 
Point  Mamalnse:    Lane,   628. 
Porcupine    area    and    Temlskamlng 

district :  Burrows,  137. 
Sudbury    district.    West    Shlnlngtree 
area  :  Collins,  218. 
Oregon,  road  materials :  Parks,  827. 
Pennsylvania,   Center   County    (part)  : 
Ziegler,  1262. 
Claysvllle  quadrangle :  Munn,  782. 
Lehigh    and   Northampton   counties : 

Peck,  839. 
Pawpaw  and  Hancock  quadrangles : 

Stose  and  Swartz,  10r>H. 
South  Mountain :  Eaton,  303. 
Quebec,  Patricia  district:  Anon..  1270. 
Pontlac  County:  Wilson,  1220. 
southern :    Dresser,   288. 
Saskatchewan  :  Rles  and  Keele.  010. 
South   Dakota,   Mellette.    Washabaugh, 
Bennett,     and     Todd    counties : 
Perisho  and  Vlaher,  843. 
Tennessee,   Tuckahoe   district :    (iordon 

and  .Tarvls,  383. 
Texas,    Electra    and    Petrolla    oil    and 
gas  fields :   Uddon  and  Phillips, 
1121. 
Llano     and     Burnet     quadrangles : 
Paige,   817. 
Utah.  Park  City  district :  Boutwell.  92. 
San  Juan  oil   field:  Woodruff.   1243. 
rinta  Co.,  Deep  Creek  district  :  Lup- 

ton,   689. 
Wasatch     Co.,     Bhuktall     Mountain 
coal   field :    Lupton.   690. 
Vermont,      Albany :      Richardson      and 
Col  lister,  905. 
Craftsbury  :   Richardson,  904. 
Irasburg :    Richardson    and    Conway, 
906. 
Virginia,    Coastal     Plain :    Clark    and 
Miller,   192. 
middle   eastern :    Watson   and    Hess, 
1165. 
Washington,    Index    district :    Weaver, 
1168. 
King  County  :  Evans.  31,3. 
western  :   Weaver,   1 169. 
West  Virginia,  Doddridge  and  Harrison 
counties  :  Ilennen.  447. 
Kenova  quadrangle  :  Phalen,  850. 
Pawpaw  and   Hancock  quadrangles: 
Stose    and    Swartz,    1058. 
Wisconsin :    Hotchklss    and    Thwaltes, 
501. 
west  end  of  I^ke  Superior  :  Thwaltes, 
1085. 
Wyoming.    Douglas   oil   field,    (^onverse 
Co. :   .Tamlson.  5.39. 
Lost   Spring  coal   field :   Winchester, 
1231. 


Oeologio  maps — Continued. 
Wyoming — Con  tinued. 

Muddy  Creek  oil  field,  Carbon  Ca : 

Jamison,  539. 
Powder   River  oil  field :   Wegemann, 

1178. 
Salt    Creek    oil    field,    Natrona   Co.: 

Jamison,    540. 
Sussex  coal  field :  Wegemann,   1179. 
Wind    River    region :    Woodruff    and 
Winchester,  1246. 
Yukon,  Wheaton  district:  Calmes,  149. 
Oeologio  time. 

General:  Wright,  1256. 
Erosion   in   Indiana :   Culbertson,    241. 
Postglacial     erosion     and     oxidation : 
Falrchlld,  317. 
Geological   surveys.     See  Surveys. 
Geomorphogeny.     See  Physiographic. 
Geomorphology.     See  Physiographic. 
Geophysical   research :   Day.   274. 
Oeorgia. 
Economic. 

Limestones     and     cement     materials : 
Maynard,   738. 
Straiigraphic. 

Northern    Georgia :    Maynard,    738. 
Paleontology. 

Echlnlds,  Tertiary:  Stefanlnl,  1028. 
Mineralogy, 

Graves   Mountain :    Watson   and    Wat- 
son,   1166. 
Native  gold  with  sllllmanlte :   Watson, 

1162. 
Geothermlc   gradients   and   petroleum : 
Shaw,  971. 
Oeyseri. 

nenerol:  Weed.    1172. 
Yellowstone    National     Park :     Hague. 
417. 
Glacial  deposits.  Alaska :  Tarr  and  Martin. 

1067. 
Glacial    deposits   cant   of   Cody,    Wyoming : 

Sinclair,  98^ 
Olaolal  geology. 

General:  Wright,  1256. 

Contact    plane    between    Nebraskan 
and  Knnsan  drifts  :  Carman.  173. 
Loess,  relations  to  drift :  Key«\s.  572. 
Alaska  :  Tarr,  1063 ;  Tarr  and  Martin, 
1067. 
northwestern  :    Smith,   997. 
Colorado.    San    Juan    Mountains :    .\t- 
wood  and  Mather,  32  :  Hopkins. 
492. 
Colorado,   Tellurlde   quadrangle:    Hole. 

485. 
Idaho,  northern  :   Herahey,  451. 
Illinois.    Whenton    qaudrangle :    Trow- 
bridge.  1104. 
Indiana  :  Shannon,  966. 
Iowa  :  Shlmek,  977. 

Little  Sioux  Valley:   Carman,   174. 
Sioux   Falls   region  :   Shlmek.   976. 
Montana,   Glacier   National   Park :   Al 
den,  5. 
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0UelAl  reology — Contliined. 
Montana — Continued. 

wwtem :  Hersbay,  451^ 
Ncbraaka,  northeaatern :  Todd.  1088. 
New  York:  Falrcbild,  315,  316;  Spen- 
cer. 1009. 
Black   and    Mohawk    Talleys :    Fair- 
child.  314. 
Overlook  Mountain  :  Stevens,  1034. 
western:  Taylor,  1072. 
Ohio,    Columbus    quadrangle :    Stauffcr 

ei  al.,  1025. 
Ontario,  Porcupine :  Horo,  494. 

southwestern :  Taylor.  1071. 
ik>uth  Dakota:  Sbimek,  977. 
Sioux   FalU:    Sbimek,  076. 
soutbeaatem  :  Todd,  1088. 
Wisconsin,    Green    Lake    County :    Al- 

den,  6. 
Wyoming,   Cody   region :  Sinclair.  983. 

Wadal    lakes.    Bte    also    Beaches ;    Shore 
lines ;  Terraces. 
I^Ake,  Chicago :  Baker,  41. 
New  York :  Fairchild.  315,  316. 

Black    and    Mohawk    valleys :    Fair- 
child,  314. 
Lake  Aplaus:  Clarke.  198. 
Vermont :   Perkins,   845. 
Glacial  period.     See  Glacial  geology. 

61aeiers. 

Oeneral. 

Crescentlc    fractures,   formation    of: 

Lahee,  616. 
Motion  :  Tarr,  1065. 
Properties   of   ice :   Tarr    and    Rich, 
1068. 
Alaska  :  Martin,  723 ;  Tarr.  1063. 
Alaska  Range;  Capps,  172. 
Yakutat  Bay:  Tarr,  1065;  Tarr  and 
Martin.  1066. 
British  Columbia,  Sir  Sandford  glacier, 

1911 :  Palmer.  825. 
Greenland :   Koch   and   Wegener.   003. 
Washington,     Mt.     Rainier :     Matthes, 
729. 

61aa8  sand. 

United  States:  U.  S.  O.  S.,  1127. 
West  Virginia,  Pawpaw  and   Hancock 
quadrangles:  Stose  and  Swartz, 
1058. 
Glendive  lignite  field,  Dawson  Co.,   Mont. : 

Hance,  426. 
GioUdens  alabamaensis :  Gllmore,  36.5, 
Glytodont  from  Mexico:  Brown,   118,   121. 

Gold. 

General. 

Transportation    and    deposition    in 
nature:  Lenfaer,  653. 
Alaska,  Bonnlfield  region :  Capps,  170. 
Bremner  River  district:  Mofflt,  770. 
Chltlna  district:  Mofflt.  771. 
Eagle  River  region :  Knopf.  594. 
Fairbanks  and  Circle  districts :  Ells- 
worth, S09. 
I\>rtymile,    Eagle,    and    Seventymlle 
River  districts :  Porter,  860. 


Oold — Continued. 

Alaska — Continued. 

Iliamna  region:  Martin  and  Kats, 
721. 

Kenai  Peninsula,  Seward-Sunrise  re- 
gion :  Johnson,  549. 

Rampart  and  Hot  Springs  regions: 
Eakin,  297. 

Ruby  district:  Maddren.  711. 

Seward  Peninsula:  Smith,  999. 

Sitka  district:  Knopf,  595. 

Valdes  district:  Brooks,  114; 
Storm,  1050. 

Woodchopper  and  Fourth  of  July 
Creeks :  Prindle  and  Mertie, 
869. 

Yentna  district:  Capps.  171. 
Arizona.   Owl  Head   district:   Pickard, 

856. 
British   Columbia.   Fraser   Canyon,   Sl- 
wash  Creek  area :  Bateman,  57. 

Llllooet  division,  Yale  district :  Cam- 
sell,  163. 

Nelson  area :  LeRoy,  650. 

Skagit  Valley,  Yale  district:  Cam- 
sell.  164. 

Vancouver  Island  :  Clapp.  182. 

California.  High  Grade  district :  Stines, 

1041,  1042;  Storms.   1052. 
Tx)8  Burros  district :  Davis,  268. 
Placer  Co.,  Helester  mines :  Storms. 

1054. 
Shasta  Co.,  Harrison  Gulch  :  Kramm, 

607. 
Colorado.  Alma  district :  Patton  et  aK, 

834. 
Breckenridge  placers :  Lakes,  619. 
I^adviile:  Butler.  144. 
Newlin's  Gulch  :   Butler,   147. 
Summit  Co. :  Brown.   122. 

Mexico.  Sonora,  Sonora  Valley  ;  Hafer, 

415. 
Michigan  :  Allen  et  al.,  13. 
Montana.   Butte  district:   Weed.    1171. 
Elkhorn,      magmatlc     sulphide     ore 

body :  Knopf,  597. 

Nevada,  Goldfield :  Locke.  67C. 

Jarbidge   district:    Schrader.    955. 

National  mining  district :  Winchell, 
1224. 

Palmyra  district:  Cutler,  247. 
New  Mexico.  Grant  Co. :  Plckard.  855. 

Santa  Fe  Co.:  Statz.  1019. 
Nicaragua,  Chontales  mining  district : 

Feust,  324. 
Nova    Scotia:    Rickard,  911. 

Medway  River  basin :  Faribault,  318. 

Ontario,  I^ake  of  the  Woods  field : 
Parsons,  832. 

Larder  Lake  district:  Wilson,  1220. 

McArthur   township:    Hopkins,    491. 

Porcupine  region :  Baelz,  34 ;  Bur- 
rows,  137 ;  MacLean,   707. 

Swastika  area  :  Bruce,   123. 

West  Shinlngtree  district:  Collins, 
218  ;  Hodge,  481 ;  Stewart,  1040. 
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Oold — Continued. 

Quebec:  Denis,  278. 

Chaudi^re  district:  Keele,  566. 
Pontlac  County:   Wilson,  1220. 
Texas,    in    Eocene    deposits :    Dumble, 
205. 
Llano :  Mcl^ren,  705. 
Llano     and     Burnet     quadrangles : 
Paige,   817. 
United  States:  U.  S.  G.  S.,  1127. 
Yukon,     Klondike     district :     Caimes, 
151;   Lakes,  624. 
Wheaton  district :  Cairnes,  149. 

Grand  Canyon  district :  Johnson,  552» 

Granite. 

New  York :  Newland,  798.' 
Vermont:  Perkins,  845,  846. 

Graphite. 

Mexico,    Santa    Maria    mines :    Homa- 

day,  500. 
Montana,  Dillon :  Bastin,  54. 
New  York :  Newland,  798. 
Pennsylvania :    Miller,    759. 
Chester  Co. :  Beattie,  59. 
Quebec :  Denis,  278. 
Amherst:   Cirkel,   181. 
Ottawa    Valley:    Stansfleld,    1018. 
Texas,  Llano  and  Burnet  quadrangles : 

Paige,  817. 
United  States :  Bastin,  55 ;  U.  S.  G.  8., 
1127. 

Graptolitet. 

New    Brunswick,    Dlctyonema    fauna : 
Ilahn,    421. 
Gravel. 

New   York :    Newland,    798. 

Oregon :   Parks,   828. 

United  States:  U.  S.  G.  S.,  1127. 

Virginia,  Coastal  Plain:  Watson,  1161. 

Greenland. 
Oeneral. 

Julianebaab  district :  Ussing,  1131. 
Northwestern    Greenland :    Helm,    442. 
Dynamic   and  tttructural. 

Glaciers :  Koch  and  Wegener,  603. 
Stratigraphic. 

.TuUanehaab  region  :  Ussing,  1130. 
Northeast  Greenland :  Ravn,  886. 
Western  Greenland :  Helm,  443. 
Paleontology. 

Jurassic  and  Cretaceous  fossils,  north- 
east Gn«enland :  Ravn,  886. 
Petrology. 

Julianehaab  region :  Ussing,  1130. 
Mineralogy. 

Brlthollte:  BOgglld,  85. 

Cryolite,     perovskite,     and      boraclte : 

B6gglld,  85. 
Cryolite  minerals:  BUgglld,  86. 
Stalactltic      minerals      from      Ivlgtut : 
Bogglld.  87. 
Groundhog     coal     basin,     Skeena     district, 

B.  C.  :  Malloch.  714.  715. 
Gunnison  Valley.  Mesa  and  Delta  counties, 
Colorado:  Woodruff,  1245. 


Gypsum. 

Oeneral. 

Origin :   Rogers,  924 ;  Jones,   559. 
Alaska.  Sitka  district:  Knopf,  595. 
Canada :  Cole,  215. 
Michigan:  Allen  et  al.,  13. 
Nevada,  Lyon  Co. :  Read,  892. 
New  Brunswick :  Kramm,  608. 

Albert  Co. :  Bailey.  38. 
New  York:  Newland,  798. 
Oregon  :   Parks,  828. 
United  States:  U.  8.  G.  S.,  1127. 
Virginia,  southwestern :  Stose,  1057. 
Gypsum,   optic  angle:   Kraus  and   Youngs, 

609. 
Haiti. 

Dynamic  and  structural. 

Earthquake  sounds :  Scfaerer,  948. 
Earthquakes :  Scherer,  947. 
Hancock    quadrangle,    Maryland-West    Vir- 
ginia-Pennsylvania :    Stose    and 
Swartz.   1058. 
Hanging  ▼alleys. 

New  York:  Spencer,  1009. 
Hardness,  dark  scale :  Lane,  631. 
Hawaiian  Islands. 

Dynamic  ami  structural. 
Kllauea:  Penck,  841. 
Volcanoes :  Komorowicz.  606. 
Volcanoes,   succession  in  age :  Jaggar, 
538. 
Mineralogy. 

Gabbro,  minerals  from :   Schaller,  9.16. 
Hetch  Hetchy  Valley:  Matthes,  728. 
High    Grade    district.    California:     Stlnes, 

1041,  1042. 
History,  philosophy,  etc.     See  also  Surveys. 
Oeneral:  Westgate,  1183. 
California  surveys :  Storms,  1055. 
Recent  developments   in  geology :   But- 
ler, 143. 
Tennessee,  goology :  Glenn,  373. 
Vertebrate  paleontology:   Sinclair,  982. 
Holothurlans,  fossil :  Clark,  190. 
Honduras. 
Economic. 

Mineral  resources :  Akin,  4. 
Hot  Springs  region  Alaska :  Eakin,  297. 
Ice  age.     See  Glacial  geology. 
Ice  ages  (ancient). 

Devonian  :  Matthew,  730. 
Ice  ramparts. 

Nova  Scotia  :  Brodle,  109. 
Idaho. 

Economic. 

Copur  d'Alene  region  :  Huston,  527. 
Lead-silver     ores,     Wardner     district : 

Ransome,  885. 
Nitrate  deposits:   Gale,   348. 
Report  on  mining  Industry  :  Bell,  64. 
Dynamic  and  structural. 

Bannock     overthrust :     Richards     and 
Mansfield,  903. 
Physiographic. 

Erosion  surface,  old :  Blnckwelder,  77. 
Kellogg  region,  terraces :  Hershey,  451. 
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UiIm — Continaed. 
Phptioffraphio — Continaed. 
Northern   Idaho :  Ilershey,  449. 
Peneplain,    Tertiary:    Umpleby,    1124. 
1125. 
Strutigraphic. 

Casar   d'Alene   district.    Belt   and   Pe- 
lona  series :  Hersbey,  452. 
Prlchard  formation :  Hu8ton.  527. 
East  Idaho:  Umpleby.  1123. 
Mineralotnf. 

Opal :  Kans,  613. 

IffBsova  and   ▼oloanio  rooks.    See  also   In- 
trusions ;  Magmas. 
Oeneral. 
Classification,    field :    Johnson    and 

libby,  553. 
riaasiflcation  symbols :  (^ross,  239. 
Grain  :  Lane.  627. 
QuantltatlTe  classiflcation,   modlflco- 

tlons  of:  Cross  et  ah,  240. 

Symbols    in    quantitative    cinsslflca- 

tlon:  Cross.  230. 

Alaska,  Bonnifleld  region  :  Capps.  170. 

Gulkana-Susitna  region :  Mofflt,  769. 

Iliamna   region :    Martin   and    Katx, 

721. 
Matanuska     Valley :      Mart  in      and 

Kats,  722. 
Ritka  district:  Knopf.  59.';. 
Alaska- Yukon  boundary  :  (*airnes,   150. 
Arctic  regions:  Bugge,  127. 
Ariiona.    BllTerbell    dlRtrlct :    Htewart, 

1037. 
British  Columbia:  Camsell.  162. 

Beaverdell  area,  Yale  diHtrict:   Rei- 

necke,  900. 
Boundary  district :  I^'Roy.  655. 
Ice  RlYer  district :  Allan.  10. 
Nelson  area  :  I^Roy.  656. 
Portland  Canal  district :  McConnell. 

696. 
Skagit    Valley,   Yale   dlHtrlct :    Cam- 
sell,  164. 
Skeena   River  region :  Mnllooh,   715. 
Vancouver  Island :  Clapp.  182. 
West  Kootenay:   Drysdale,  289. 
California,   Eagle  Mountains :    Harder, 
428. 
El  Paso  Range  and  southern  Sierra 
Nevada:  Baker,  39. 
Colorado,  Alma  district :  Pntton  ei  al., 
834. 
Apishapa  quadrangle :  Stose.  lO.iO. 
Grand    Mesa    and    Went    Elk    Moun- 
tains :   Lee.   647. 
Connecticut,  Preston  region :  Ix>ugblin. 
680. 

Costa  Rica :  Romanes,  931. 

Peninsula  of  Nlcoya :  Romanen.  932. 
Georgia,    Graves    Mountain :     Watson 

and  Watson,  1166. 
Greenland,  Julianehaab  region  :  Tossing. 
1180. 
western:  Heim, 443. 

%  Kenova  quadrangle,   Elliott 
Cto.:  Plialeii,860. 


Zgneoni  and  volcanic  rocks — Continued. 
Mexico,  Rio  Verde  region :  Waits,  1143. 

Matehuala.   San   Luis  Potosi :  Spurr 
et  al.,  1016. 
Missouri,  Ozark  region  :  Crane,  233. 
Montana.  Butte  district:  Weed,  1171. 
Nevada,  Elko  Co. :  Schrader.  955. 
New  Mexico,  northeastern  :  I>ee,  650. 

Santa  Rita  region  :  Paige,  821. 
New  York :  Hartnagel.  432. 
Nioaragpa.  northeastern  :   Ilershey.  450. 

North  Carolina.  Dan  River  field  :  Stone, 
1046. 

Nova    Scotia.    Arisaig-Antigonlsh    dis- 
trict:  Williams.  1211. 

Ontario,  (towganda  to  Porcupine  area : 
McMillan.  709. 

Pennsylvania  :  Miller.  750. 

Qui'bec  :   Valiquette,  1 132. 

Keekeek    and    Kewagama    lakes    re- 
gion :  Bancroft,  43. 

Rhode  Island.  Narragansctt  Basin  :  La- 
hee,  61 7. 

Texas.  Llano  nnd  Burnet  quadrangles : 
Paige,  817. 

ITtah,   Marysville  district :  Butler  and 
Gale.  141. 
Park  City  district :  Boutwell,  92. 
San  .luan  oil  field  :  Woodruff,   1243. 

Vermont,  Crnftsbury  :  Richardson,  904. 
Irnshurg:    Richardson    and    Conway, 
906. 

Washington.    Index    district :    Weaver, 
1168. 
KluK  County  :  Evans,  313. 

Wyoming.    I^ucite    Ilills,    Sweetwater 
Co. :  Schultz  nnd  Cross,  957. 

Ijrncous  intrusion.    Kec  Intrusion. 

ZUinoii. 
General. 

Mining   nnd    State    geological    survey : 
I>eWolf,  280. 
Kcunomic. 

MurphyHl)oro  and  Ilerrin  quadrangles : 

Shnw  and  Savage.  972. 
on     fields:     Blatchley,     81;     Wheeler, 
118.'). 
Carl  In  vine  :  Kay.  50.T 
Cnrlyle:  Shnw.  970. 
Crawford    nnd    Lawrence    counties : 

Blatchley.  80. 
structure :  Blatchley,  83. 
on  Industry:   Blatchley.  82. 
on  investigations:  Blatchley,  79. 
Peoria  quadrangle:  Uddon.  1117. 
Portland-ccmont    resources :  Blcininger 

ci  al.,  84. 
Sand-lime  brick  :  Parr  and  Ernest,  831. 

Phyftiographic. 

Murphysboro  nnd  Ilerrin  quadrangles : 
Shaw  and  Savage,  972. 
fltratipraphic. 

(^nrljoniforous :  Blatchley,  79. 
Carlyle  oil   field:   Shaw,  970. 
Channahon  and  Essex  limestones :  Sav- 
age, 936. 
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Illinoii — Continued. 

Btratigraphic — Continued. 
Geologic  map :  111.  G.  8.,  631. 
Mazon  Creek  shales :  Moodle,  775. 
Murpbysboro  and  Herrin  quadrangles : 

Sbaw  and  Savage,  972. 
Peoria  quadrangle :  Udden,  1117. 
Sangamon  County:  Crook,  234. 
Sweetland  Creek  sbale :  Udden.  1118. 
Wbeaton       quadrangle :       Trowbridge, 

1104. 
Wllmette  Bay,  Glacial   Lake  Chicago: 
Baker,  41. 
Underffround  water. 

Peoria  quadrangle:  Udden.  1117. 
Incerta  sadef . 

Steeprock    fauna,    Ontario :     Walcott, 
1151. 
Iliamna  region,  Alaska :  Martin  and  Katz, 

721. 
Indiana. 
General. 

Driftless  area,  geology :  Cumlngs,  244. 
Glaciation  and  soils :  Barrett.  49. 
Soil    survey,    Greene    County :    Tharp 
and  Mann,  1074. 
Hancock,  Johnson,  and  Shelby  coun- 
ties: Hole,  484. 
I^porte,   St.   Joseph,   and   Bartholo- 
mew counties :  Quinn,  882. 
Marion  County :  Geib  and  Schroeder, 

860. 
Morgan    and    Owen    counties :    Ed- 
monson, 306;  Shannon,  965. 
Posey  Co. :  Marean,  717. 
Spencer.    Warrick,    and    Scott   coun- 
ties :  Mangum  and  Neill.  716. 
Dynamic  and  structural. 

New   Albany   sbale,   jointing :    Culbert- 
son,  242. 
Ph}/ftiographic. 

Glaciation,  results :  Shannon,  966. 
Sand  areas :  Shannon,  967. 
Southern  Indiana  :  Cumlngs,  244. 
Terracoa   of    Whitewater    River :    Hole, 
483. 
Btratigraphic. 
Ambeim  formation :  Foerate,  328. 
Pleistocene  age :  Hay,  435. 
Palconfologj/. 

BatostomaR,  Richmond  series :  Cumlngs 

and  Galloway,  245. 
Cincinnatian    and    Mohawkian    fossils : 

Foerste,  327. 
Natlcopsls.  coloration  :  GIrty.  .369. 
Plelstoconc  vertebrates :  Hay,  4.35. 
Underground  water. 

Southern  Indiana :  Cumlngs.  244. 
Iniecta. 

Cockroaches,  Texas:  Cockerell.  212. 
Colorado,  Florissant :  Muttkowski,  789. 
Coleoptera  :  WIckham,  1202,  1203. 
Raphldia:  Cockerell.  211. 
Odonata :   Ris,  919. 
Pierre  formation,  Tetropteron  :  Cock- 
erell, 210. 
Scudder's  work :  Cockerell,  207. 
Tertiary  fungus  gnat :  Johannsen,  648. 


IntmaionB.     Bee   also    Dikes ;    Igneous    and 
volcanic       rocks ;       Laccoliths ; 
Magmas. 
Connecticut,  Preston  region :  Loughlin, 
680. 
Invertebrata  (general).     Bee  also  Anthozoa  ; 
Brachiopoda  ;    Crustacea  ;   Echl- 
nodermata ;    Foraminifera ;     In- 
secta  ;  Mollusca  ;  Problematica  ; 
Spongida ;  Vermes. 
California,  Miocene:  Smith.  996. 
Cambrian,  British  Columbia:  Walcott, 

1154. 
Canada,  Ordoviclan  :  Raymond,  888. 
Colorado,  Lykins  fauna :  Girty.  368. 
Connecticut,  Triassic:  Lull,  688. 
Devonian,    Allegheny    region :    Kindle, 

681. 
Jurassic  and  Cretaceous  fossils,  Green- 
land :  Ravn,  886. 
Miocene  fossils  from  Springvale,  Trini- 
dad: Guppy,  409,  410. 
North  Carolina,  fossils  from  Wilming- 
ton :  Brown  and  Pllsbry,  117. 
Ontario,  Oriakany  sandstone :  Stauffer, 

1024. 
Silurian.  Maine,  Eastport  quadrangle : 

Williams.   1209. 
Stromatoporoids    and    Eozoon :     Kirk- 

Patrick.  688,  589. 
TriasBic,  Arctic  regions :  Klttl,  590. 
Trinidad,  Tertiary:  Maury,  736. 
Iowa. 
General. 

History  of  geology  in  Iowa  :  Arey,  23. 
Report  State  geologist :  Kay,  562. 
Economic. 

Mineral    production,    1909    and    1910 : 
Iowa  G.  S.,  533. 
Btratigraphic. 

General:  Norton  et  ah,  800. 
Carboniferous,  base :   Keyes,  578. 
Cedar    Valley-Lime    Creek    unconform- 
ity :  Thomas,  1076 
Geologic   section,    subdivisions :    Keyes, 

577. 
Nebraskan    drift   of   Little    Sioux   Val- 
ley :  Carman,   174. 
Pleistocene  formations:  Shimok.  977. 

Sioux  Falls  region  :  Shimek.  976. 
Salem  limestone:  Van  Tuyl,  11.36. 
Sweetland    Creek   shale:    Udden,    1118. 
Paleontology. 

Aftonlan  mammals :  Thomas.  1077. 
Edestus:   Hay,   438. 
Lepldostrobus,     Warren     Co. :     Tllton, 
1086. 
Underground  wnter. 

General:  Norton  et  al.,  800. 
Irasburg    terranes,     Vermont :     Richardson 

and  Conway.  906. 
Iridium. 

United  States:  U.  S.  G.  S.,  1127. 
Iron. 

General. 

Geology    in     iron    ore    exploration : 

Leitb,  651. 
T-^«  ^-o  reserves :  Eckel,  305. 
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Xron — Cootlnned. 

Oenrral — Continued. 

Hajnietic  Iron  ores :  Nason,  791. 
Origin  •  Singewald,  986. 
Alabama  :   Phillips.  853. 
Alberta,  Blairmore  area  :  Leacb,  643. 
British    Columbia,    Vancouver    Island : 

Clapp,  182. 
California,   Eagle  Mountains:   ITarder, 

428. 
Colorado,  Boulder  Co. :  Jennings.  ri44. 
Crbolla  district.  Qunnison  Co. :  Singe- 
waid.  988. 

Cuba.  Mayari  district :  Guardlola,  406. 

Kentucky,     Clinton     ores:      Whinery, 

1192. 

Hartford  quadrangle:  Gardner.  35«'S. 

Kenova  quadrangle :   Thalen,   850. 

Lake  Superior  ores,  origin :   Winchell, 

1229. 
Michigan :  Allen  et  al„  13. 

Cascade  iron  range:  McDonald.  701. 
eastern :   Ooets,   377. 
Minnesota:      Van     Barnereld,     1133; 
Zapffe.   1260. 
Cuyuna  range :  Thomas,  1079. 
Mississippi,  Marshall  and  Benton  coun- 
ties: Ix>we.  683. 
•  Missouri:   Crane.   2.33:   Wittlch.   1236. 
New     Brunswick.     Bathurst     district : 

Young,   1258.    • 
New  York :  Newland.  798. 

Cheeyer  mines.  Port  Henry :  Stoltz, 

1044. 
Ontario    mine:    Taylor    and    Booth, 

1070. 
Staten  Island:  Fettke,  323. 
Nova  Scotia,  Torbrook :  Frechette,  339. 
Ontario,  Porcupine  area  :  Burrows,  137. 
Pennsylvania.  Durham  :  Bnyley,  .'jH. 
Quebec:  Denis.  278. 

north  of  the  St.  Lawrence :  Dulieux. 

290.  291. 
northwestern  :  Bancroft,  43. 
Saguenay  Co.,  Natashkwan  :  Macken- 
zie,   704. 
St.     Lawrence,     titaniferous     ores : 
Dulieux.  292. 

Tennessee,     CHnton     ores :     Wblnery. 
1192. 
east:  Jarvis,  541. 

Tuckahoe      district :      Gordon      and 
Jarris.  383. 
Texas.  Llano  and  Burnet  quadranplos : 

Paige.  817. 
United    States:    Quillotel.   407;    r.    S. 
G.  S.,  1127. 

Utah.  Union  Chief  and  Snntaquln 
mines :    Hlggins,   461. 

Isottuj. 

Oeneral:  Hayford.  440 ;  Hay  ford  and 
Bowie.  441;  Putnam,  881. 

Gravity  anomalies,  relation  to  geologic 
formations:  Bowie,  9H. 

Orarity   reduction:   Bowie.    100. 

Topography  and  isostatlc  compensa- 
tion: Bowie,  97. 


Jamaloft. 

Dynamic  and  structural. 

Earthquake  of   1907:   Cornish,   226. 

JointlBg. 

Oeneral:   Sheldon.  974. 

Jarbidge    mining    district,     Elko    Co.. 

Nev. :  Schrader.  955. 

Judith  River  formation,  position  and  age: 

Peale,  837. 

Jurassic. 

Stratigraphu, 

Alaska  :   Martin.   720. 

Gulkana-Susitna  region :  Moffit.  769. 

Iliamna    region :    Martin   and   Kats. 

721. 

Matanuska  Valley  :  Martin  and  Kats« 
700 

All)erta,    Blairmore   area :    Leach,   643. 

Roche  Miette  area :  Dow  ling.  285. 
British  Columbia,  Nelson  area :  LeRoy, 
656. 
Bkeena  River  region  :  Malloch,  715. 
Vancouver  Island :  Clapp.  182. 
Nanaimo  sheet:  Clapp.  183. 
Colorado,   Grand  Mesa  and   West   Elk 

Mountains :  I.«ee,  647. 
GrrH»nland.  northeast :  Ravn.  886. 
Mexico.  Durango,  San  Podro  del  Gallo : 

Rurckhardt,   133. 
Montana,   Electric  coal  field :  Calvert. 

159. 
North  America:  Willis.  1212. 
South     Dakota,    Black    Hills:     Stone. 

1045. 
T'tah,    San    Juan    oil    field:    WoodruiT. 
1243. 
Park  City  district:  Boutwell,  92. 
Wyoming.  Black  Hills:  Stone.  104."). 
Douglas     oil     field,     Converse     Co. : 

Jamison,  5.39. 
Powder   River  oil  field:   Wegemann. 

1178. 
Salt    Creek    oil    field.    Natrona    Co.: 
Jamison.  540. 
Yukon.  Wheaton  district :  Calrnes.  149. 
Paleontology, 

Dinosaurs :  Holland.  487. 
Greenland,  northeast :  Ravn,  886. 
Mexico.   San    Pedro  del   Gallo :    Burck- 

hardt,  133. 
Wyoming,  frog :   Moodie,  776. 
plesiosaurs :   Mebl,  741. 
Kansas. 

Hlratigraphic. 

Oeneral:  Parker.  826. 
Mineralogy. 

Meteorite.  Scott  City:  Merrill,  749. 
Un derprou  n d  water. 
Oeneral:  Parker.  820. 
Kaolin. 

Quebec.  Huberdeau  :  Ries,  915. 
Katalla  oil  field.  Alaska  :  Thompson,  1081. 
Kenai       Peninsula,       mineral       resources : 

Brewer,  106. 
Kentucky. 
General, 

Dlx  River  region  :  Foerste,  326. 
Report  of  survey,  IftW  *.  "Sorwwi^^  \ia\. 
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Kentiiokj — Continued. 
Econotnic 

Black    Mountain    coal    district:    Dil- 

worth,  284. 
Campton  oil  pool :  Munn,  783. 
Clinton    iron-ore    deposits :     Whlnery, 

1192. 
Coal    field,    PineTille    Gap:    Crandall 

and  Sullivan,  232. 
Coals,    Licking    Valley    region :    Cran- 
dall. 231. 
Cumberland  coal  field:  Hodge.  480. 
Eastern  coal  field :  Miller,  756. 
Hartford  quadrangle:  Gardner,  355. 

soils :  Jones,  560. 
Kentucky    River,    three    forks,    coals : 

Hodge,   479. 
Knox  Co.,  oil  and  gas :  Munn.  784. 
Phosphate :  Gardner,  356 ;  Waggaman, 

1141. 
Quicksand   creeks   region,   coal :   Fobs, 

330. 
Tradewater  River  coal  region :  Glenn, 

371. 
Webster  Co. :  Glenn,  372. 
Dynamic  and  structural. 

Colossal  Cavern :  Hovey,  511. 
Mammoth     Cave:    Hovey,    510,    511; 
Turner,   1112. 
bibliography :  Hovey,  512. 
Phyaiographic. 

Kenova  quadrangle :  Phalen,  850. 
Stratigraphic. 

Arnhelm  formation :  Foerste,  328. 
Campton  oil  pool :  Munn,  783. 
Chattanooga    shale,    unconformity    at 

base:  Kindle,  582. 
Chflttanoogan  series:  Ulrich,  1122. 
Kenova  quadrangle :  Phalen,  850. 
Knox   Co. :   Munn,   784. 
Webster  Co. :   Glenn,   372. 
Pnleontolopy. 

Cincinnatian   and   Mohawkian    fossilK : 

r^oerste,  327. 
Kenova      quadrangle,      Kentucky-West 

Virginia-Ohio:    Phalen,    8."iO. 
ICeweenaw   series   of   Michigan :    Lane. 

627. 
Koyukuk-Kobuk  region.  Alaska  :  Smith, 
1001. 
Lagomorpha :  Gidley,  363. 
Lake  Superior  iron  ores :  Winchell.  1220. 
Lakes.     See  aUo  Glacial  lakes. 

Idaho,  Oopur  d'Alene  :   Hershoy,  451. 
New  York  :  Spencer,  1001). 
Oregon.  Crater  I^ke :  Dillor,  282. 
Lakes,  glacial,     t^ee  Glacial  lakes. 
I-.arder     Lake     district,     Ontario :     Wilson. 

1220. 
Landslides. 

Genera  J:  Lakes.  621. 

Alberta,      Frank.      Turtle      Mountain : 

Daly  et  al,  257. 
Panama.     Culebra     Cut :     MacDonald, 

700. 
Wyoming,    Gros    Ventre    slide:    Black- 
welder,  78. 


Lava. 

Origin:  Hobbs,  477. 
Lead. 

Arizona,    Castle    Dome  jdistrlct:    Kev- 
ins, 797. 
Sllverbell  district:  Stewart,  1037. 
British     Columbia,     East     Kootenay : 

Schofleld,  953,  954. 
Colorado,  I^advllle :  Butler,  144. 
Idaho,   Cceur  d'Alene   region :   Huston, 
527. 
Wardner  district :  Ransome,  885. 
Mexico,    Sierra    Mojada   district :    Van 

Horn.  1135. 
New  Mexico,  Magdalena  district :  Tut- 

tle,  1113. 
Oklahoma,    Miami   district :    Chapman, 
180. 
northeastern :  Snider,  1005. 
Quebec:   Denis.   278. 
Tennessee :  Nelson,  794. 
Texas,  Llano  and  Burnet  quadrangles : 

Paige,  817. 
United  States:  U.  S.  G.  S.,  1127. 
Utah,  Park  City  district :  Boutwell,  92. 
Union  Chief  and  Santaquin   mines: 
Hlggins.  461. 
Yukon,  Wheaton  district :  Calrnes,  149. 
Lepldostrobus,     Warren     County:     Tllton, 

1086. 
Lignite.    See  aUe  Coal. 

North   Dakota,  Bismarck   quadrangle : 

Leonard,  654. 
Tennessee,  west :  Nelson,  795. 
Lillooet  mining  division,  British  Columbia  : 

Camsell,  163. 
Lime. 

Oregon :   Parks,  828. 
United  States :  U.  S.  G.  S..  1127. 
Limestone. 

Georgia,  north  :  Maynard,  738. 
New  York :  Newland,  798. 
Limnoscelis,   a   Cotylosaur   reptile :    Willis- 
ton,    1214. 
Llthia  deposits.  Black  Hills:  Anderson,  14. 
Little    Powder    River    coal    field,    Campbell 
County,   Wyoming:   Davis,   209. 
Livingston    coal    field,    Montana :    Calvert, 

1.58. 
Llano    and    Burnet     quadrangles,     Texas : 

Paige,  817. 
Loess. 

General:  Shimok,  978. 
Origin  :   Keyes,  572. 
Lorandlte   from    the    Rambler    mine,    Wyo- 
ming :   Rogers,  92:i. 
I^ost    Spring    coal    field.    Converse    County, 

Wyoming:    Winchester,   1231. 
Louisiana. 
General. 

Salines  as  geologic  chronometer :  Lach- 
mann,  614. 
Economic. 

Dome  theory  :  Lucas,  085. 

Oil    concentration    about    salt    domes : 

Harris,  429. 
Oil  fields:  Wooton,  1251. 
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LooltluiA — Contlnaed. 
Economic — Continued. 

Salt  mines :  Wooton,  1250. 
Sulphur   and    sulphur   oil    depo8lt8   of 
Coastal  Plain :  Lucas,  684. 
Lower  Silurian.     See  Ordovieian. 
Lykins  fauna:  Girty,  368. 
Hagdalena    district.    New    Mexico :    Statz. 

1022;  Tuttle,  1113. 
Xaffmas.    See  also  Intrusions. 
General:  Stevens,  1033. 
Formation :   Wilson,   1210. 
Laws  of  igneous  emanation  pressure : 
Steyens,  1032. 
XagBasita. 

United  States :  Gale,  352 ;  U.  S.  G.  S., 
1127. 

New  York,  Cheever  mines.  Port  Henry  : 

Stoltz,  1044. 
Quebec:  Dulieux,  200,  201. 
Maine. 
Cfeneral. 

Penobscot  River  basin  :  Bastln,  56. 
Paieontology. 

Eastport  quadrangle.  Paleozoic  faunas  : 

Williams,  1209. 
Silurian     Mollusca,     Washington    Co. : 
WiUUms,  1207. 
Mineralogy. 

Herderite  crystals :  Ford,  336. 


Age  of  mastodon  and  other  I'rol>o- 
scidea :  Osborn,  809. 

Artiodactyla :  Peterson,  847. 

Brachyostracon.  new  glyptodont-  from 
Mexico:  Brown,  121. 

California,  Rancho  La  Brea,  Camlvora  : 
Merrlam,  746. 

Camivora  and  Rodentia :  Matthew, 
731. 

Cetacea,  Pinnlpedla.  SIrenla.  Zeuglo- 
dontla:  True,  1107. 

Craniometry  of  the  Equidse :  Osborn. 
813. 

Delphinodon,  Miocene,  Maryland  :  True. 
1105. 

Dlceratherium :  Peterson,  840. 

Dinosaur  from  Edmonton  Cretaceous : 
Brown,  120. 

Edentates,  ancestry :  Matthew,  734. 

Eocene  horses :  Matthew.  732. 

Equidie,  craniometry :  Osl>oru,  813. 

Hapalops :  Matthew,  734. 

Horns,  phylogeny  and  ontogeny :  Os- 
born, 816. 

Iguanodont  dinosaur  Trachodon :  Os- 
born, 812. 

Indiana,  Pleistocene :  Hay,  435. 

Insectlvora :  Gregory,  397. 

Iowa,  Aftonian :  Thomas,  1077. 

Lagomorpha :  Gidley,  363. 

Marsuplalia :  Gregory,  397. 

Mastodon  remains.  Nova  Scotia  :  Piers, 
859. 

Nebraska,  rhhdoceros  from  Miocene : 
Cook,  222,  223,  225. 

P^rlModactyla :  Oldley,  862. 


Mammalia — Continued.  ^ 

Pleistocene  faunas :  Hay,  437. 

Primates  :  Gregory,  307. 

Quadrupedal  locomotion  :  Gregory,  398. 

Rancho  La  Brea  fauna,  Canldte :  Mer- 
rlam. 745. 

Rodents,    Pleistocene,   California :   Kel- 
logg, 569. 

Stenomylins :  Peterson,  848. 

Titanothere  restoration  :  Gregory,  400. 

Titanotheres,  Uinta  formations :  Riggs, 
917. 

Titanotheroid    from    Uinta    basin    Ek)- 
cene :  Gregory,  399. 

Trachodontidse.    osteology    of    manus : 
Brown,  119. 

Tyrannosaurus    and    Allosaurus :    Os- 
born. 811. 

Whales   allied   to   Balsnoptera :    True, 
1106. 
Mammoth    Cave,    Kentucky:    Hojey,    511; 

Turner,   1112. 
Man,  f  oisil. 

E>arly  man  in  America:  Volk,  1139. 

Origin  and  antiquity  :  Wright.  1255. 
Manganese. 

New     Brunswick.     Bathurst     district : 
Young,   1258. 

Texas,  Llano  and  Burnett  quadrangles : 
Paige.  817. 

United  States:  U.  S.  G.  S..  1127. 

Manitoba. 
Economic. 

Clay    and    shale    deposits :    Ries    and 
Keelc,  916. 
Stratigraphic. 

Ripple-marked  limestone :  Kindle.  584. 
Manitoulin  area  of  Lake   Huron  :   Foerste, 
329. 

Map  making.     See  Cartography. 
^Taps.     See  Geologic  maps. 
Marble. 

New  York :  Newland,  798. 

Tennessee :  Gordon,  380. 

Vermont :  Dale,  250  ;  Perkins,  845,  846. 
Marl. 

Virginia,  CoasUl  Plain:  Watson.  1161. 

Maryland. 
OeneraL 

Mineral  exhibit :  Md.  O.  S.,  724. 

Report  of  geological  survey  :  Clark,  191. 
Economic. 

Choptank  quadrangle :  Mliler.  758. 

Georges  Creek  coal  field :  Hall.  423. 

Pawpaw    and    Hancock    quadrangles : 
Stose  and  Swartz,  1058. 
Phu^iographic. 

Choptank  quadrangle :  Miller,  758. 

Pawpaw    and    Hancock    quadrangles : 
Stose  and  Swartz,  1058. 
Stratigraphic, 

Choptank  quadrangle :  Miller,  758. 

Onondaga  formation :  Kindle,  581. 

Pawpaw    and    Hancock    quadrangles: 
Stose  and  Swartz,  1058. 
Paleontologp. 

Delphinodon,  Miocene;  True,  1105. 
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Matsachntettt. 
Dynamic  and  structural. 

Coastal   marshes  south  of  Cape  Cod : 
Davis,  266,  267. 
Stratigraphio. 

Worcester  phylllte,  age:   V»'hite,   1194. 
Petrology. 

NepoDset  Valley  petrographic  province  : 
Bascom,  51. 
Mineralogif. 
Aragonite  coating  gravel  pebbles :  Lane, 
630. 
Maitedons. 

Age,  means  of  estimating :  Osborn,  809. 
Nova  Scotia:  Piers,  859. 
Tetracaulodon  ohlotlcum,  tusk  :  Pohllg, 
865. 
Matanuska  Valley,   lower,   Alaska :   Martin 

and  Katz,  722. 
Medusie.     See  Hydrozoa. 
Meetings.     Bee  Associations. 
Mercury.     See  Quicksilver. 
Xatamorphism. 
€^ener€tl. 

Hydrothermal  alteration  of  granite: 

Moore,  779. 
Metamorphic     studies :     I^lth     and 
Mead,  652. 
Arizona,    Sllverbell    district :    Stewart, 

1037. 
British    Columbia,    Shuswap    lakes    re- 
gion :  Daly,  254. 
California,   Eagle  Mountains :   Harder, 

428. 
Mexico,   San   Luis   Potosi,   Dolores   de- 
posit :  Spurr  et  al.,  1016. 
Sonora,   Elisa  mine :  Lee,  645. 
Montana.   Butte  district:  Weed,   1171. 
Rhode     Island,     Narragansett     Basin : 

Lahee.  617. 
Utah,  Park  City  district :  Boutwell,  92. 
Meteor    Crater     (Coon     Butte),     Arizona : 

Thomson,  1083. 
Meteoritei. 

General:  Foote  Min.  Co.,  334. 

American  Museum  collection  :  Ilovey. 

507. 
Classification:  Foote  Mln.   Co.,   334. 
Holbrook,    Ariz. :    Foote,    333 ;   Merrill, 

750. 
Kingston  siderite.  New  Mexico :  Hovey, 

509. 
Perry ville.  Mo. :  Merrill,  751. 
Scott  City,  Kans. :  Merrill,  740. 
Mezico. 
General. 

Yucatan  :  Huntington,  524. 
Economic. 

Hidalgo,  mining  industry :  Gonzalez  ct 
al.,    379 ;    Grothe    and    Salazar. 
405. 
Mexico,   mining  industry :   Grothe  and 

Salazar.   405. 
Oil  fields:  Skertchly,  989. 
Petroleum :    Hornaday,    499. 
in  northeastern  Mexico  :  Garflas,  357. 


Mexico — Continued. 
Economic — Continued. 

Sahuaripa  district.  Sonora  :  Hsmea,  530. 
San  Luis  Potosi,  Dolores  mine,  Mate- 

huala :  Spurr  et  al.,  1016. 
San  Nicolas  mining  district,  Tamauli- 

pas :  Wentworth.  1182. 
Santa  Maria   graphite  mines:   Horna- 
day,  500. 
Silver,  copper,  and  lead  ores,  Vota  Rica 

mine.  Sierra  Mojada.  Coahuila: 

Van  Horn,  1135. 
Sonora,  Elisa  mine :  Lee,  645. 
Sonora  Valley  mines :  Hafer.  415. 
Dynamic  and  structural. 
Guadalajara  earthquakes  :  OrdoAez,  807. 
Lower    California,    changes    of    level : 

Wittlch,    1233. 
Microseisms    of    1911 :    Mexico    G.    S.. 

753. 
Petroleum,  mode  of  accumulation  :  Gar- 
flas,  357. 
Physiographic. 

Lower  California,  elevated  coast  lines: 

Wittlch,   1232. 
Stratigraphic. 

Cananea  district,  Sonora :  Lee,  645. 
Jurassic  and  Cretaceous  of  San  Pedro 

del  Gallo,  Durango  :  Burckhardt, 

133. 
Tertiary     deposits,     eastern     Mexico : 

Dumble,  294. 
Paieontology. 

Brachyostracon,   new  genus  of  glypto- 

donts :  Brown.  121. 
Glyptodont  in  Jalisco:  Brown,   118. 
Jurassic  and  Cretaceous  faunas  of  San 

Pedro    del    Gallo :    Burckhardt, 

133. 
Petrology. 

Rio  Verde  region,  Oaxaca  :  Waltz,  1143. 
Mineralogy. 

Calamine,   Santa   Eulalia,   Chihuahua : 

Seebach  and  Paul.  959. 
Gypsum  crystals :   WMttich  and   Pastor 

y  Giraud.   1234. 
Mimeteslte,  Chihuahua :  Paul,  835. 
Minerals   from   cave  near   Chihuahua  : 

Hovey.   506. 
Pseudomorphs  after  stibnite,   San  Luis 

Potosi :  Ford  and  Bradley.  338. 
Miami    lead-zinc    district,    Oklahoma : 

Chapman,   180. 
Mioa. 

General:  Springer,   1014. 
Canada:  Schmid.  949. 
Quebec:  Denis,  278:  Schmid.  951. 
Ottawa  Valley :  Stansfleld,  1018. 
United  States:  U.  S.  G.  S..  1127. 
Michigan. 
Economic. 

Cascade  Iron  range:  McDonald,  701. 
Iron   range,   eastern    Michigan :  Gootz. 

377. 
Keweenaw  Point  copper  range :  Lane, 

629. 
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Mkkltaa — Continned. 
Eeomomio — Continued. 
Lftke  Superior  copper  formatioii :  Hub- 
bard,    516,     517;     Here,     405: 
Meucbe,  752;  Bice,  002;  Sperr, 
1011. 
Mineral  resources :  Allen  et  al.,  13. 
BtrutiQraphic. 

Keweenaw  series:  Lane,  627. 
Petroloffy. 

Keweenaw  series :  Lane,  627. 
Milk  River  coal  field,  Choteau  Co.,  Mont. : 

Pepperberg,  842. 
XiBe  Waters. 

Micblgan,  Keweenaw  series  :  Lane,  627. 
Mineral  Hill.  Nevada  :  Toll.  1089. 
Klaeraloffy  (general).    See  also  Meteorites; 
Technique.      For    regional,    nee 
names  of  States,    For  particular 
minerals,  see  list,  p.  /^. 
Otnerul:  Palacbe,  823. 
Binary  system  :  Bowen.  05. 
Bnin*s  new  data  on   volcanism  :   Win- 

chell,  1228. 
Conversion    of    rock    analysen :    Mead. 

789. 
Dana's   Manual   of   mineralogy :    Ford, 

835. 
Guide  to  minerals :  Gratacap.  394. 
Gypsum,  optic  angle  variations :  KrauH 

and  Youngs,  609. 
Hardness,  dark  scale :  Lane,  631. 
Mineralogy:  Phillips,  852. 
Neocolemanite :  Eakle,  299. 
Nomenclature:  Washington,  1158. 
Paragenesis:  Rogers,  926. 
Practical  field  geology :  Fnrrell.  319. 
Scale  of  hardness:  Lane.  631. 
Sulphides  of  zinc,  cadmium,  and  m(>r- 

cury  :  Allen  and  Crenshaw,  11. 
Textbook:  Rogers,  921. 
Xlneral  paints. 

New  York  :  Newland.  798. 
Pennsylvania  :  Miller,  757. 
United  SUtes:  U.  8.  (J.  8..  1127. 
Virginia.  Coastal  Plain:  Watson,  1161. 
Mineral  resources  (general).    See  Economic 

under  the  names  of  States. 
Mineral  waters. 

New  York  :  Newland,  798. 
Oregon :  Parks,  828. 
rmted  States:  U.  8.  O.  8..  1127. 
Minerals  described.     See  list,  p.  167, 
Minnesota. 
Economic. 

Cuyuna  iron  range :  Thomas,  1 079. 
Iron-bearing  formation.   Igneous  Intru- 
sion :  ZapflTc.  1260. 
Iron  ranges:  I'an  Barneveld,  1133. 
Stratiffraphic. 

Iron  ranges:  Van  Barneveld,  1133. 
Petrology. 

Iron-bearing    formation,    effect    of   in- 
trusion :  Zapffe,  1260. 
Mioccae.     B€€  Tuttary. 


Miscellaneous.     Bee  also  Addresses. 

Dynamic  and  structural  geology,  1911 : 

Woodworth,   1247. 
Geological  diagnosis:   Irving.  534. 
Geology  In  iron  ore  exploration :  Leith, 

651. 
New     England     geological     excursion : 

i'leland,  202.  203. 
United      States      Geological       Survey, 

policy :      Smith,      993 ;      Report 

1911-12  :  Smith,  992. 

Mississippi. 
General. 

f^urvey,   biennial   report :   Miss.   G.   H., 
767. 
Economic. 

Iron    deposits,    Marshall    and    Kenton 
counties :   Lowe.   683. 
Paleontology. 

Echlnida,  Tertiary  :   Stofanlnl,   1028. 
Mississippi  Valley  :  Emerson,  310. 
Mlsslsslppian.     See  Carboniferous. 
Mlssonri. 
Economic. 

Karytes:  Wlttich,  1235. 
Iron  ores:  Crane,  233;  Wlttich,  1236. 
Dynamic  and  structural. 

New  Madrid  earthquake :  Fuller,  343. 
Seismology,      St.      Ix>uls      University : 
Goesse  and  Rueppel,  376. 
Physiographic. 

Columbia  region  :  Von  Engeln,  1140. 
Osark  region  :  Crane,  233. 
Stratigraphic. 

Ozark  region  :  Crane.  233. 
Paleon  tology. 

Naticopsis,  growth  stages :  Glrty,  369. 
Mineralogy. 

Perryvlile  meteoric  iron  :  Merrill,  751. 
MoUnsoa.     See    also    Cephalopoda ;    Gastro- 
poda ;   Pelocypoda. 
Maine,    Washington    County,    Silurian : 

Williams.  1207. 
North  Carolina,  fossils  from  Wilming- 
ton :  Brown  and  Pllsbry.  117. 
Northwest    America,     Mollusk     fauna : 

Dall,  252. 
Panama  and  Costa  Rica :  Dall,  253. 
Silurian,  Maine.  Washington  Co. :  Wil- 
liams,  1207. 
Tertiary.    Callfornlan    province :    Han- 
nibal, 427. 
from  the  West :  Cockerell  and  Hen- 
derson, 213. 
Washington  :  Weaver,  1169. 
Trinidad,  Tertiary  :  Maury.  736.  737. 
Springvale,    Miocene :    Guppy,    409, 
410. 

Molluscoidea.     See  Brachlopoda ;    Bryozoa. 

Molybdenum. 

Quebec,  northwestern :  Bancroft,  43. 
United   States:  U.  8.  G.  8.,   1127. 

Xonasite. 

United  Stateli :  U.  8.  G.  8.,  1127. 
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Moncton   map   area,   Westmorland  and   Al- 
bert counties.  New  Brunswick : 

Young,  1259. 
Montana. 
Economic. 

Baker  lignite  field,  Custer  Co. :  Bowen, 

93. 
Blue  Bird  mine,  Wickes ;  Winchell  and 

Winchell,    1227. 
Butte  district :  Weed,  1171. 
Butte  geological  report:  Sales.  934. 
Copper  veins,  Butte :  Kirk,  586. 
Culbertson    lignite    field,    Valley    Co. : 

Beekly,  63. 
Electric  coal  field,  Park  Co. :  Calvert, 

150. 
Elkhom.  magmatic  sulphide  ore  body : 

Knopf.  597. 
Glendive    lignite    field,    Dawson    Co. : 

Ilance,  426. 
Graphite  deposits,  Dillon :   Bastin,  54. 
Livingston  and  Trail  Creek  coal  fields : 

Calvert,  158. 
Milk   River   coal   field,   Chouteau   Co. : 

Pepperberg,  842. 
Sidney     lignite     field,     Dawson     Co. : 

Steblnger,  1026. 
Terry    lignite    field,    Custer    County : 

Herald,   448. 
Phpsiographic. 

Deer  Creek  valley,  glaclation :  Hershey, 

451. 
Glacier  National  Park :  Alden,  5. 
Western  Montana :  Hershey,  449. 
Stratigraphic. 

Baker  lignite  field,  Custer  Co. :  Bowen, 

93. 
Butte  district:  Weed,  1171. 
Electric  coal  field.  Park  Co. :  Calvert, 

159. 
Glacier    National    Park,    pre-Wisconsin 

drift:  Alden.  5. 
Glendive    lignite    field,     Dawson    Co. : 

Hancc,  426. 
Judith  River  formation :  Peale,  837. 
Lignite   fields.    ea.stern   Montana :    Cal- 
vert, 157. 
Livingston  and  Trail  Creek  coal  fields : 

Calvert,    158. 
Milk    River   coal    field,   Chouteau    Co. : 

Pepperberg,  842. 
Sidney     lignite     field,     Dawson     Co. : 

Steblnger,    1026. 
Terry  lignite  field,  Custer  Co. :  Herald, 

448. 
Paleontology. 

Clymenia  fauna,   Devonian :   Raymond, 

887. 
Marlacrinus?  Insuetus :  Raymond,  890. 
Olenopsls    from     Cambrian :     Walcott, 

1147. 
Schcenaster?  montanus  :  Raymond,  890. 
Petrology. 

Butte  copper  veins :  Kirk,  586. 
Mineralogy. 

Baddeleyite:  Rogers,  922. 
Butte  district:  Weed,  1171. 


Monticuliporoids,    development    and    syste- 
matic   position :    Cumings,    243. 
Monument  Creek  group:   Richardson,  908. 
Moraines. 

Ontario,    southwestern :   Taylor,    1071. 
Mother  Lode.   California :   Storms,   1053. 

Mud  volcanoei. 

Trinidad:  Bosworth,  91. 

Muddy  Creek  oir  field.  Carbon  Co.,  Wyo. : 
Jamison,    539. 

Murphy sboro  and  Herrin  quadrangles,  Hli- 
nois :  Shaw  and  Savage,  972. 

Mytilus  mlddendorfil   from  Alaska :  Grata- 
cap,  395. 

National    mining    district,    Nevada:    Win- 
chell, 1224. 

Natural  bridges. 

Wyoming,  eastern:  Barnett,  46. 
Natural  gas. 

General:  Gould,   386;   and  historical: 
Knapp,  592. 
Accumulation  :  Johnson,  554. 
Gas    and    oil    accumulation    in    Ap- 
palachian region :  Munn,  788. 
Quaquaversal  structure :  Clapp,  186. 
Alabama,  Fayette  field  :  Munn,  785. 
Appalachian  and  central  states :  Ash- 
ley. 24. 
Kentucky,    Kcnova    quadrangle :    Pha- 
len,  850. 
Knox  Co. :  Munn,  784. 
New  Brunswick,  Moncton  area  :  Young, 

1259. 
New  York :  Newland,  798. 
Michigan  :  Allen   et  al.,  13. 
Oklahoma:   Gould,  385. 

Ponca   City    field :    Ohern   and   Gar- 
rett, 803. 
Oregon  :   I'ark.s,  828. 
Pennsylvania,     ClaysvIUe    quadrangle : 

Munn,   782. 
Tennessee  :    Ashley,   26. 
Memphis :  Munn,  786. 
Texas,    Wichita     and     Clay     counties: 
Udden,   1110;   Udden  and  Phil- 
lips.  1121. 
United  States:  U.  S.  G.   S.,  1127. 
West    Virginia,    Doddridge    and    Har- 
rison counties :  Hennen,  447. 
Nebraska. 

Dynamic  and  structural. 

Sandstone  pinnacles :  Darton,  261. 
Physiographic. 

Pre-Wisconsin  :   Todd,   1088. 
Stratigraphic. 

Carboniferous :  Barbour,  45. 
Paleontology. 

Diceratherium  :   Peterson,  849. 

Eurypterlds  :  Barbour,  45. 

Rhinoceros  from  Miocene :   Cook,  222, 

223. 
Tertiary    fossils     of     Sioux     County : 
Cook,  224. 
Nelson  area,  British  Columbia :  LeRoy,  656. 
Neocalamites  from  Richmond  coal  field  of 
Virginia:  Berry,  68. 
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Nephelite :   Foote  and  Bradley,  331 ;   com- 
position :  Bowen,  04. 
Vtfmda. 

Fanirlomerate  :   Law  son,  639. 
Nevada  Hills :  lAwson,  641. 
Economic. 

Austin,  ores :  Taylor,  1073. 
Como,    Palmyra   minlni?  district :    Cut- 
ler, 247. 
Comstock,  vein  systems :  Smith,  991. 
Ely  district :  Weed.  1176. 
Goldfleld  ore  deposits :   Loclcc,  676. 
Jarbidge,   Contact,   and   Elk  Mountain 
mining  districts :  Schrader,  055. 
Mineral  Hill :  Toll,  1089. 
National     mining    district :     Winchell. 

1224. 
Nevada-Douglas      mines,      Lyon      Co. : 

Read.  802. 
Nitrate  deposits:  Gale.  348. 
Potash:   Free,  341. 

Railroad  Valley :  Sheldon,  973. 
Dynamic  and  struotural. 

Fault  scarps  at  Genoa  :  I^wson.  638. 
Sandstone    at    state    prison,     origin : 
Smith,  1003. 
Phy»iographic. 

Fault  scarps  at  Genoa :  Lawson,  638. 
Stratiffraphic. 

Eastern    Nevada,    Paleozoic :    Hershey, 

452. 
Elko  Co. :  Schrader,  955. 
JarUdge,    Contact,    and   Elk   Mountain 
mining  districts :  Schrader,  955. 
Paleontology. 

Tertiary  freshwater  Molluscs  :   Hanni- 
bal, 427. 
Petrology. 

National     mining    district:     Winchali. 
1224. 
Mineralogy. 

Dahllito,  Tonopah :  Rogers,  925. 
Gypsum     and     anhydrite     at     Ludwig 
mine,    Lyon    Co. :    Rogers,    924 : 
Jones,  559. 
Opal :  Kuns,  613. 
Stibnite  at  Steamboat  Springs :  Jones. 

558. 
Tonopah  minerals :  Eakle.  298,  290. 
Newark    group   in    Pennsylvania :    Wherry, 

1191. 
Mew  BniBSwiok. 
Economic. 
Albertite:  Milner.  766. 
Bathurst  district:  Young.  1258. 
Building      and      ornamental      stones : 

Parks.  829. 
Coal  fields:  Denis,  277. 
Gypsum :  Kramm.  608. 

Albert  Co. :  Bailey.  38. 
Tin  and  topaz :  Brock.  108. 
Dynamic  and  structural. 
Changes    of    level,    postglacial :    Gold- 

thwait,  378. 
Gypsum,  structure :  Bailey,  38. 


Maw  Brunswick — Continued. 
Physiographic. 

General:  Ganong,  364. 
Stratigraphic. 
Albert     and     Westmorland     counties: 

Ells  and  Ells.  308. 
Bathurst  district :  Young.  1258. 
Carboniferous  beds :  Stbpes,  1049. 
Devonian :  Matthew,  730. 
Moncton    aroa.    W^estmorland    and    Al- 
bert counties:  Young.  1259. 
Southern  New  Brunswick :  Ells.  .S07. 
Paleontology, 

Dictyonema    fauna    of    Navy    Island : 

Hahn,  421. 
Fossils    in    metamorphic    rocks :    Ells, 
307. 
Newfoundland. 
Physiographic, 

General:  Twonhofel,  1114. 
Paleontology, 

Psygmophyllum  majus :  Arber,  20,  21. 
Mew  Hampshire. 

Dynamic  and  structural. 

Northey  Hill  in  Lisbon  :  Lahee,  016. 
iftratigraphic. 

Littleton,  BIuel)erry  Mountain :  Lahee, 
618. 
Paleontology. 

Littleton.  Blueberry  Mountain  fossils: 
Lahee,  618. 
Mew  Jersey. 
General. 

Report  State  geologist:  KUmmel,  611. 
Economic. 

Mineral  industry.  1911 :  Kiimmel,  612. 
Stratigraphic. 

Onondaga  formation  :  Kindle,  581. 
Paleontology. 

Cretaceous,  palm  :  Stevens,  1035. 
Pityoxylon  :   Bailey,  37. 
Pleurotomlldn" :    Pilsbry,   860. 
Mew  Mexico. 
Economie. 

Coal    fields    of    northern    central    New 

Mexico :    I>ee.   648. 
Cochita  mining  district :  Statz,  1021. 
Copper    deposits.     Santa    Rita,    Grant 

Co.:  Clifford,  205. 
Hell    Canyon    mining    district :    Statz, 

1020. 
Magdalona      district :      Statz,      1022 ; 

Tuttle.  1113. 
Mineral    resources.    .Temez- Albuquerque 

region  :  Reagan,  893. 
Oro  Grande  mine.  Grant  Co. :  Pickard, 

885. 
Placers.  Santa  Fe  Co. :  Statz.  1019. 
Santa  Rita  region:  Paige,  821. 
Tljeras  coal  flold,  Bernalillo  Co. :  Lee, 
646. 
Dynamic  and  structural. 

Volcanoes,  extinct :  hee.  650. 
Phyjiiographic. 

Northeastorn  New  Mexico :  Lee.  650. 
Silver  City  quadrangle:  Paige,  818. 
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Phptiogrtpkic — Continued. 

TojalAO^  aad  Locero:  Kcjes,  574. 
gtrmiiffrmpkic. 

Comi   fleldi  around   soothem    rad    of 
Boeky  Moontains :  Lee,  649. 

Nbttbefii    cmtrmi    Sew    Ifezleo:    Lee, 

Permo  •  Cartxmlferoiis,    nortbern    New 

Mexico:     WUllston    and    Case, 

1216. 
BanU  BIU  region :  Paige.  S21. 
Tljeras  coal  5eld,  Bernalillo  Co.:  Lee, 

646. 
Paieontoloffif, 

DIadectes  lentna:  Caae  and  Williaton, 

177. 
Llmnowwlia:  Williaton,  1214. 
MimeraU>ffy. 

Aaarite.  Socorro  City :  P«al.  S35. 
Kingston  sidertte :  Hovey,  509. 
Tnrqooiae.    Bnrro    Moontalns:    Paige, 

S20. 
Vanadlnite:  Pao],835. 
VnderffTQund  iccter. 

Estancla  Valley  :  Melnxer,  742. 
VevTork. 
Oeneral. 

Beport  of  director  of  science  dlTlalon : 

CUrke,  196. 
Economic. 

Cheever  mines.  Port  Henry,  magnetite : 

Stoltz,  1044. 
Garnet   deposits,   Warren   Co. :   Miller, 

764. 
Limonlte   deposits   of   Staten    Island : 

Fettko,  323. 
Mining    and    quarry    induatry.    1011  : 

Nowland.  708. 
Ontario  Iron  mine:  Taylor  and  Booth. 

1070. 
Pyrlte    doposlta.     8t.     Lawrence    Co. : 

«myth,  1004. 
Dynamic  and  structural. 

HelderberK  front.  Htructural   features : 

^;rabau,  300. 
Jointing.  Ithaca  region  :  Sheldon,  074. 
Physiographic. 

General:  Tarr,  1064. 
Hanging  valleyH  :  Sponcer.  1000. 
HudMon     Hlvor.     8torm     King    region : 
Kemp.  .'71. 
Stratiffraphic. 

Black  and  Mohawk  valleyH :   F'alrchild. 

314. 
Clasaiflcatlon    of   Reologlc    formations : 

HartnaKol,  4.'i2. 
Glaclation.    rkming    pha8e :    F'nlrchlld. 

31.'»,  310. 
Helderberg  front :  Onibau,  .'JOO. 
Highlands,  stni(fun»:  Horkoy.  00. 
Hudson  River  region  :  Hovey,  .')0.'». 
Storm    King  region  :   Kemp.   r)71. 
Mornines.   wi-stern   New  Yorlc :  Taylor. 

1072. 
Onondaga  fauna:  Kindle,  581. 


OBClaaed. 
gtratiffrmpkit—€9mtimme± 

Orerlook  Moontaln :  Stems.  1034. 
Saratoga  district :  Kemp.  570. 
Palcoafolo0ir. 

Cljinenla  fama,  DemaiaB:  Raymond, 

887. 
Coral    beds,    HaaOtoB    shale:    Smith, 

990. 
Deronian  f oaalls :  OIsbob.  806. 
Enrniterida:   Clarke  aad   Bnedemann. 

201. 
PateechlBoldea :  Oiason.  SM. 
Paleobotany,  Cretaceoos,  Lobs  Island: 

Hollicfc,489. 
Plectoceraa  Jason :  Bnedemann.  933. 
Potsdam-Hoyt  faosa  :  Walcott.  1148. 
Starfishes  near  Sangertles:  Clarke.  200. 
Petrologff. 

Gabbro    and   granite   in    Warren   Co. : 

Miller.  765. 

Mineraloffy. 

Mineral    localities.    New    York    City: 
Whltlock,  1199. 
I'nderffroMud  vernier. 

Saratoga  mineral  springs:  Kemp,  570. 


General. 

ChonUles  mining  district:  Feast,  324. 
Stratigraphic. 

Northeastern       NIcaragoa :       Hershey, 
450. 
Nickel. 

Ontario,  Sndbnry  field:  Coleman,  216; 

Hore,  496;  Thomas,  1080. 
United  States:  U.  8.  G.  S.,  1127. 
Washington.    San    I\>il    district:    Ban- 
croft, 44. 
Nitrate  deposits :  Gale,  348. 
Miration. 

.Vlaska  and  Yukon  :  Calmes.  153. 
Nomenclature.    See  also  Stratigraphlc. 
Cambrian  :  Waicott,  1149. 
Faults:   Reid.  897. 
Glacial    epochs    in    Rocky    Mountains 

area  :  .\twood  and  Mather.  32. 
Geography      and      geology.      relation : 

Davis.  271. 
Igneous  rocks :  Cross.  2.39. 
Iowa,  geologic  section  :  Keyes,  577. 
Mineralogy:   Washington.   1158. 
Physiographic     terms,     new :     Calmes, 

152. 
Quantitative    classification    of    igneous 
rocks,    modifications    of :    Cross 
et  al.,  240. 
Types:   Burling,    136. 
Unconformities :  Crosby,  235. 
North  Carolina. 
Econom^ic. 

Dan  River  coal   field:   Stone,   1046. 
Emeralds:   Sterrett.   1030. 
Physiographic. 

Coastal  Plain  :  Clark  et  al,  193. 
Stratigraphic. 

Coastal  Plain :  Clark  et  al,  193. 
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Vorth  Oar»liiiA — Continued. 
Btratigraphio — Continued. 

Dmn  River  coal  field :  Stone,  1040. 
Paleontology. 

Coastal  Plain :  Clark  et  a/..  103. 
FoasUa  from  Wilmington :  Brown  and 
Pilsbry,  117. 

Minemlogv. 

Qaarts,     Alexander    Co. :     Poguo    and 
Ooldscbmidt,  864. 
Underground  water. 
Coastal  Plain :  Clark  et  at.,  103. 
Vorth  Dakota. 
Economic. 

Bismarck  quadrangle :  Leonard.  Ho4. 
Lignite,  Fort  Berthold  Indian  KoRerva- 
tlon:  Pishel,  861. 
PhgMiographic 

Bismarck  quadrangle:  Leonard.  654. 
Btratigraphic. 
Bismarck  quadrangle :  Leonard.  654. 
Fort     Bert  bold     Indian     Reservation : 
Pishel,  861. 
Vova  Bootia. 
Qencral. 

I^abave     Valley     and     Htarrn     l*oint : 

Wright,  1257. 
Rocks,  distribution  :  IIowc,  513. 
Economk;. 

Building      and      ornamental      stonoH : 

Parks,  820. 
Coal  fields:  Denis.  277. 
Domes:  Rlckard,  Oil. 
Oold-bearing   series   of   Medway    River 

basin:  Faribault,  318. 
Scbeelite:  McCallum,  602. 
Tin:  Piers,  858. 

Torlirook  iron  deposits :  Fr^hetto.  3.".0. 
Dgnamic  and  9tructural. 

Cave.  Hants  Co. :  Prest,  867. 
Ice  action  near  (irand  Lake,  (^ai>e  Bre- 
ton:  Brodle,   100. 
Btratigraphic. 

Arisaig-Antigonish   district :    Williams. 

1211. 
Hall  Harbor  sheet:  Canada  (J.  S..  167. 
Joggins  Carboniferous  section  :  Hell.  65. 
Kingsport  nheet :  Canada  (i.  S..  168. 
Medway  River  basin:  Faribault.  318. 
Paleontology. 

Mastodon  remains :  Piers.  850. 
Mineralogy. 

Minerals    of     Lake     RaniHoy     district  : 
Piers,  858. 
Observatory    Inlet,    British    Colunihiu :    M<*- 
Connell,  604. 

Ohio. 

Economic, 

(^oIumbUH  quadrangle :   StauflTpr  ct  aJ., 

1025. 
Fairfield  Co.:   Hyde,  528. 
Peat  deposits :  Dachnowski.   24 H. 
Dynamic  and  structural. 
Postglacial     erosion     and     oxidntion : 
Wright,  1256f 


Ohio — i^'ontinued. 
Phyaiographic, 
Columbus  quadrangle:  Staulfer  et  al., 

1025. 
Fairfield  Co.,  Hyde.  528. 
Kenova  quadrangle :   Pbalen,  850. 
Preglacial  Miami  and  Kentucky  rivers: 
Fenneman,  320. 
Btratigraphic. 

Ambeim  formation  :  Foerste,  328. 
Bedford  shale:  Girty,  370. 
Central  Ohio:  Prosser,  871. 
Chattanoogan  series:  Ulrlch,  1122. 
Cleveland  shale,  age:  Cushing,  246. 
Columbus  quadrangle :  Btauffer  et  al., 

1025. 
Devonian  and  Misslsslppian  formations, 
northeastern  Ohio :  Prosser,  872. 
Devonian  shales  of  northern  Ohio :  Kin- 
dle, 583. 
Fairfield  Co.:  Hyde,  528. 
Kenova  quadrangle :   Pbalen,  850. 
Bommorspt,  Perry  Co.,  coal  deposition : 

Hyde,  620. 
Southwestern  Ohio :  Fuller  and  Clapp, 
346. 
Paleontology. 

CInclnnatian    and    Mohawklan   fossils: 

Foerste,  327. 
Richmond    fauna,    Oxford :     Wiliiams, 
1210. 
Petrology. 

Sands':  Condit.  210. 
Underground  water. 

Southwestern  Ohio :  Fuller  and  Clapp, 
346. 
Ohio  shale  problem:  Ulrich.  1122. 
Oil.     Bee  Petroleum. 

Oil  shales. 

New  Brunswick,  .VII>ert  and  Westmor- 
land   counties :    Ells    and    Ells, 
308. 
Oklahoma, 
General. 

Director's  report,  1012:  Ohern,  802. 
Economic. 

I-ead  and  xinc  deposits:  Snider,   1005. 
Miami    lead-zinc    district :     Chapman, 

180. 
Mineral  production.  1001-1011:  Ohern. 

802. 
Northeastej-n  Oklahoma  :  Snider,  1005. 
Petroleum  and  natural  eas  :  Gould.  385. 
Ponca   City   oil   and   gas  field :   Ohern 
and   (Jurrett.    803. 
Btratiffraphic. 

Taney  shales,   boulder  beds.  Talihlnii : 

Woodworth,    1240. 
Northeastern  Oklahoma  :   Snider,   1005. 
Ponca   City   oil   and    gas   field :    Ohern 

and  Garrett.   80;j. 
Red  beds,  origin  :  Beede.  62. 
oiljrocene.     Sec  Tertiary. 
Onondaga  fauna  of  Allegheny  region  :  Kin- 
dle, 581. 
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Ontario. 
Oeneral. 

Bureau  of  mines,  report  1912  :  Gibson, 
361. 

Patricia   district:   Miller  ct   al.,   763; 
Anon.,    1270. 
Economic. 

Clay  resources :  Ries,  915. 

Cobalt    district:    Ilore,    497;    Tyrrell 
1115.  ^ 

Cripple  Creek  gold  area :  Bruce.  124. 

Gold  fields  of  Lake  of  the  Woods, 
Manitou,  and  Dryden :  Parsons. 
832. 

Gowganda  to  Porcupine  area  :  McMil- 
lan.  709. 

Larder  Lake  district :  Wilson,  1220. 

McArthur  township:  Hopkins,  491. 

Phosphate  and  feldspar  deposits : 
Schmid,   950. 

Point  Mamalnse :   Lane,   628. 

Porcupine  gold  area :  Baelz.  34 ;  Bur- 
rows, 137  ;  Hore,  494  ;  MacLean, 
707. 

Sudbury  nickel  and  copper  deposits : 
Hore.   496. 

Sudbury  nickel  field :  Coleman.  216 ; 
Thomas.    1080. 

Swastika  gold  area:  Bruce.  123. 

West  Shiningtree  gold  district :  Hodge, 
481  ;  Stewart,  1040. 
Biratigraphie. 

Archean,  Rainy  I^ke  :  Lawson.  637. 

Cripple  Creek  gold  area  :  Bruce,  124. 

Detroit  Rivpr  area :  Nattress,  793. 

Gowganda  to  Porcupine  area  :  McMil- 
lan,  709. 

Lake  of  the  Woods  region  :  Parsons, 
832. 

Lake   Slmcoe  area  :   Johnston,  557. 

Larder  Lake  district:   Wilson,   1220. 

McArthur   township :    Hopkins,    401. 

Manitoulin  area,  Ordovician  section : 
Foerste,  .•]29. 

Moraines  :   Taylor,   1072. 

Onaping  sheet:  Collins,  218. 

Oriskany  sandstone :  Stauffer,  1024. 

Pleistocene  deposits,  southwestern  On- 
tario :  Taylor,  1071. 

Porcupine  gold  area  :  Burrows,  l.'J". 

Pre-Cambrian  of  northern  Ontario : 
Moore,    780. 

Southwestern  Ontario  :   Stauffer,   102a. 

Steeprock   Lake  :   Lawson,  636, 

Swastika  gold  area:  Bruce.  123. 

West  Shining  Troe  gold  district  : 
Stowart,    1040. 

Paleontoloyu. 

Paiwaster  wilsoni :  Raymond,  890. 

Protopala>ast«M-    narrawayi  :    Raymond, 

801. 
Starfish      with      nmlmlacral      covering 

plates  :    Hudson.  519. 
Trllobites,   Ottawa :    Nnrraway,   700. 
Petrology. 

Swastika  gold  area  :  Bruce,  123. 
Underground    irnter. 
Qeneral:  In^ll,  532. 


Ontario  iron  mine.  New  York :  Taylor  and 
Booth,    1070. 

Onychaster,  structure:   Scbdndorf,  952. 

Onsrx. 

Tennessee:  Gordon,  381,  382. 
Oolite. 

Pennsylvania,    central :    Ziegler,    1262. 

Siliceous  oolites,  Pennsylvania  :  Moore, 
778. 

Ordovician. 
Stratigraphy. 

Alaska-Yukon   boundary :   Caimes,  150. 
British    Columbia,    Cambro-Ordovician 

boundary:  Walcott,  1146. 
British  Columbia,  Field  area :  Allan.  9. 
Cincinnati   region :   Foerste,  327. 

Arnheim  formation  :  Foerste,  328. 
Colorado,  Alnui  district :  Patton  et  al., 

834. 
Georgia,   northern :   Maynard,   738. 
Idaho,  east :  Umpleby,  1123. 
Illinois,    Peoria    quadrangle :     Udden, 

1117. 
Iowa :  Norton  et  al.,  800. 
Kentucky,   Dlx  River  region :    Foerste, 

326. 
Missouri,  Ozark  region :  Crane,  233. 
New    Brunswick,     Bathurst     district : 

Young,   1258. 
New    York:    Clarke,    198;    Hartnagel, 

432. 
North   America:   Willis,   1212. 
Nova    Scotia,    Arisaig-Antigonish    dis- 
trict:  Williams,  1211. 
Ohio,      southwestern :       Fuller       and 

Clapp,  346. 
Oklahoma,  northeastern:  Snider.  1005. 
Ontario :  Raymond,  888. 

Lake  Simcoe  area  :  Johnston.  557. 
Manitoulin  area  :  Foerste,  320. 
Pennsylvania,  central :  Ziegler,  1262. 
Lehigh   district:   Miller,   757;    Peck. 

839. 
South  Mountain  :  Eaton,  303. 
Quebec :     Raymond,     888 ;     Vallquette, 
1132. 
Orford  area  :  Harvie,  433. 
southern  :  Dresser,  288. 
Tennessee,  eastern,  Tuckahoe  district : 

Gordon  and  Jarvis,  383. 
Texas,  Llano  and  Burnet  quadrangles : 

Paige.    817. 
Vermont,  Albany  :  Richardson  and  Col- 
llster.  905. 
Craftsbury  :  Richardson,  004. 
Green     Mountain     region :     Perkins, 

845. 
Irasburg :    Richardson    and   Conway, 

906. 
Sudl)ury  outlier :  Dale,  251. 
West   Virginia,    Pawpaw   and   Hancock 
quadrangles :  Stose  and  Swartz, 
1058. 
Paleontology. 

Asaphidu> :  Raymond,  889. 
Brachiopoda  :  Walcott,  1150. 
British  Columbia:  Walcott,  1146, 
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Ofiovteiaa — Continued. 
Faleontology — Continued. 

Cincinnati  region  :  Foerste,  327. 

Amhelm  formation  :  Foerate,  328. 
Indiana,  Batostomas,  Richmond  series : 

Cumlngs  and  Galloway.  245. 
New   Yorlc,   Plectoceras  Jason :    Ruede- 

mann,  933. 
Ohio,  Richmond  fauna :  Williams,  1210. 
Ontario.  Lake  Simcoe  area  :  Johnston, 
657. 
atarflsh :  Raymond,  890. 
trilobites :  Narraway,  790. 
lYotopaleaster    narrawayi :    Raymond, 

891. 
Starfish     with      ambulacra!      covorioK 

plates :  Hudson,  510. 
Vermont,  Green  Mountain  region  :  Per- 
kins,   845. 

Of*  dapoaita,   orifln.    For  ore  deposits   in 
general,     tee     Economic      (gen- 
eral). 
Qtneml:    Miller,    761 :     Soper.     1007 ; 
Spurr,  1015;  Stewart,  1038. 
Claasiflcation  of  ore  deposits :  Weed, 
1175. 
Colorado,  Leadvllle :  Butler,   144.   145. 
Copper,  Arixona,  Miami  district :  Weed, 
1174. 
Silverbell  district:  Stewart,   1037. 
British     Columbia,     Boundary     diS' 

trlct:  LeRoy.  655. 
Michigan,    Keweenaw    series :    Lane. 

627. 
Montana,      Butte     district:      W^cl, 

1171. 
porphyry  deposits :  Tovote,  1095. 
Cross-fractures  and   ore   shoots :    Web- 
ber,  1170.. 
Examination    of    prospects :    Gunthcr. 

408. 
Garnet.   New   York:  Miller,   704. 
Gels,    gelatinous    quartz,    and    goId-(>n> 
deposition :    llatschek    and    Si- 
mon, 434. 
Gold  deposits,  Alaska  :  Knopf,  504. 
Gold    ores.    Nrvada,    National    mining 

district:  Winchell.  1224. 
Graphite,  Pennsylvania  :  Miller,  759. 
Iron.  I.«ake  Superior  region  :   Winchell. 
1220. 
magnetic  ores:  Nason,  791. 
Minnesota  :  Van  Barneveld,  1 13:{. 
Missouri :  Crane,  233. 
New    Brunswick,    Bathurst    district  : 

Young.  1258. 
New  York  :  Fettke,  323. 
Lead,    British    Columbia.    East    Koot.-- 
nay :  Schofleld.  954. 
Idaho,    Wardner  district :    Ransorae, 
885. 
Literature    of    ore    dei>osit8    in    1911: 

Weed.  1173. 
Localisation  of  ore  :  Keyes,  570. 
Magmatlc    origin,    ore    solutions :    Tol- 
man,  1090. 


Ore  deposits,  origin — Continued. 

Mexico,    Matehuala,    Dolores    contact- 

metamorphic  ore  deposit :  Spurr 

et  al.,  1016. 
Sierra   Mojada  district:   Van   Horn, 

1135. 
Mineral  sulphides  of  Iron :  Allen  et  al., 

12. 
Montana,   Elkbom,   magmatic  sulphide 

ore  body  :  Knopf,  597. 

Nevada,      Comstock      vein      systems : 
Smith,  991. 
Tonopah  deposits:  Eakle,  298. 
Nitrate  salts:  (}ale,  348. 

Ooher:  Miller,  757. 

Ore  deposition  chart :  Keyes,  575. 

Ore    shoots,    decrease    in    value    with 

depth :     Garrison,     358 ;     Hore, 

493. 
Original   source  of  metalliferous  ores : 

Miller,  760. 

Persistence    in    depth :    Collins.    217 ; 

Garrison,  359;  Lett,  657;  Mac- 

laren,    706;   Rlckard,  912;   Tol- 

man,   1092. 
Placer  deposits:  Tyrrell,  1116. 
Pyrite,    New   York    St.    I..awrence    Co. : 

Smyth,  1004. 

Replacement  of   siliceous   rock   by   py- 
rite:  Turner,  1112. 

Replacement    ore   bodies :    Knox,    602 ; 
Stevens.  1031. 

Secondary   sulphide  enrichment :   Win- 
chell, 1225. 

Secondary    sulphide    zones :     Emmons, 
311. 

Silver:   Matteson,   727. 

British    Columbia,    East    Kootenay : 

Schofleld,  954. 
Idaho,    Wnrdner    district :    Ransome, 

885. 
Nevada,  Austin  :  Taylor.  1073. 

Sulphur  deposits :  Stutzer.  10.">9. 

Tin :     Ferguson    and     Bateman,     322 ; 
Singewald,  987. 

Tuniuoise,  Burro  Mountains,  N.  Mex. : 
Paige,  820. 

Typos  of  ore  deposits  :  Lawson,  642. 

Utoh,    Park    City    district:    Boutwell, 
92. 

Vein  quartz,  St.  Anthony  mine :  Moore, 
779. 

Washington,    Index    district :    Weaver, 
1168. 

Ore    ShootM.      Sre    Kconomic    geology,    and 
Ore  deposits,  origin. 

Oregon. 

Genvral. 

Bibliography :     Henderson     and     Win- 

stunley,  445. 
Crater  Lake,  geological  history  :  Diller, 

282. 

Economic. 

Economic  resources :  Parks,  828. 
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Oreffon — Continued. 
Economic — Continued. 

Mines     and     prospects,     southwestern 

Oregon:  Diller,  283. 
Road  materials :  Parks,  827. 
Btratiffraphic. 

Klamath  region :  Hershey,  452. 
Southwestern  Oregon :  Diller,  283. 
Triassic,    Baker   Co.,    section :    Smith, 
095. 
Paleontology. 

Tertiary  fresh-wnter  Mollnsca :  Hanni- 
bal.  427. 
Oriskany    sandstono    of   Ontario :    StaiifTer, 

1024. 
Orogeny. 

General:   Reld,   808,   800. 
Basin-range  structure:  Burling,  134. 
Orthoclase  as  a  vein  mineral :  Rogers,  929. 
Oscillation.    Bee  Changes  of  level. 
Outliers. 

Vermont,    Ordovician   outlier    in    Sud- 
bury: Dale,  251. 

Overlook    Mountain,    New   York,   structure 
and   glaciation :   Stevens,   1034. 

Paint.     See  Mineral  paints. 
Paleobotsay. 

C^enerai:  Knowlton,  601. 

Alabama,   Widdringtonites :   Berry,  60. 

Araucarioxylon  type :  Jeffrey.  542. 

Arctic  floras:  Nathorst,  792. 

Canada :  Wilson,  1222. 

Colorado,    fossil    fruits    and    flowers : 

Cockerell,  209. 
Conifers.         Cretaceous,         structure : 

Thompson.  1082. 
Cretaceous,  I^ng  Island :  Holllck,  480. 
Cretaceous    IMtyoxylon,    New    .Jersey : 

Bailey,  37. 
Cycadcoldea,     flower     buds :     WIeland. 

1204. 
Devonian  :  Matthew,  730. 
Glgantopteris :   White.   1103. 
Gymnosperms.  history :  Coulter,  228. 
I>epidostrol>us,    Warren    County.    Iowa  : 

Tilton.   1080. 
Newfoundland.  I'sygmophyllum  majus : 

Arl)er.  20,  21. 
New  Jersey,  Cretaceous  palm  :  Stevens, 

lO.'l.'j. 
Phylogeny  and  taxonomy  :  Coultpr,  220. 
Pltyoxylon  :  Thomson  and  A 11  in.  1084. 
PflyBmophyllum  maJus.   Newfoundland  : 

Arl)or,  20. 
Relations  to  botany:  Ilollitk,  4SM. 

morphology  :  Jeffrey,  r)4.'i. 
Triassic,   Tennsylvania  :   Wherry.   1100, 
Virginia.    N«'ocalainite«   from   Triassic : 

Herry.  CtH, 
Pleistoc«'n<'  i)lants  from  Blue  Ridpe  : 

Herry.   71. 
Walniils  and  liiclvories,  geologic  history  : 

Berry,  i:\. 
Wood,     fossil.     Yellowstone     National 

I'ark:    Platen.  S(5:j. 


Paleoolimatology. 

Arctic  floras :  Nathorst,  792. 
Carboniferous:  Woodworth,  1249. 
Delta  deposits :  Barrell,  48. 
Devonian    climatic    loiies:    Matthew, 
730. 

Paleogeogxmphic  maps. 

General:  Scharff,  946. 

Paleogeogxmpby.  See  aUo  Geologic  his- 
tory ;  Paleoclimatology :  Paleo- 
geographic  maps. 

Cfeneral:  Scharff,  946. 

Climate  and  evolution :  Matthew,  73.'i. 

Cambrian :  Peach.  836. 

Devonian  :  Kindle.  581 ;  Matthew,  730. 

Ordovician :  Foerste.  328. 

Tertiary:  Osborn,  815. 

Paleontoloffy  (general).  See  aUo  the  cUuees 
of  animals  and  Paleobotany. 
For  8trati!0raphic  eee  the  differ- 
ent systems.  For  regional  see 
the  names  of  Statet, 

General:  Scharff,  946. 

Coloration  in  Gastropoda :  Girty,  369. 

Eryops  and  origin  of  limbe :  Gregory. 
401,  402,  403. 

Evolution:  Osborn,  808. 

Footprints  and  tracks,  formation  of: 
Brown,  116. 

Nomenclature  of  types :  Burling.   136. 

Origin  of  certain  unit  characters :  Os- 
born. 810. 

Progress  in  1911 :  Eastman.  302. 

Removing  tests  from  fossils :  Buck- 
man,  126. 

Ten  years'  progress  In  vertebrate  pale- 
ontology :  Bassler  et  a\.,  53. 

Tetraplasy :  08l)om.  814. 

Vertebrates,  evolutionary  evidences : 
Wllllston.  1213. 

Paleosoio  (undifferentiated). 

Alaska,  Bonnifleld  region  :  Capps.  170. 
Iliamna    region :    Martin    and    Katz, 
.     721. 

Palladium. 

United  States:  T*.  H.  C.  S.,  1127. 

Panama. 

GeneraL 

('ulebra  cut  :  MacI>onald    700. 

Economic . 

Coal  deposits  :  MacDonald.  600. 

Dynamic  and  Htntctnral. 

Culel>ra  cut,  heated  areas:  MacDonald, 
007,  008;  Williams,  1208. 

Paleonloloffjf. 

New  species  of  fossil  shells :  Dall.  2.')3. 

Paragenesis  of  minerals. 
(h  final:   Houers.  020. 
Montana.    Butte  district:   Weed.    1171. 

Pawpaw  quadran^l'*.  Maryland-West  Vir- 
^.'inia-Pcnnsylvanla :  Stose  and 
SwarU,  1058. 
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Canada:  Anrep»19. 

Ohio:  Dacbnowflkl.  248. 

Qotbee:  Denis,  278. 

Ualt^  States:  U.  8.  G.  8..  1127. 

Virgliils,  Coastal  Plain :  Watson,  1161. 

Alabaaa,  Carboniferous:  Prouty.  874. 
Falacjpoda.    See  aUo  Mollusca. 

Alaska,    Mytllns    mlddendorAi :    Grata- 
cap.  395. 

Paaaarlvaala. 
Oeneral. 

Scranton  district :  Griffith  and  Conner, 
404. 

Acme  grapblte  mines  and  mUlM,  Thea- 
ter Co. :  Seattle,  50. 
ClaTayllle  quadrangle :  Munn.  782. 
Coal    fields,    Washington    and    Greene 

conntles:  Bollean,  00. 
Grapblte  deposita:  Miller.  759. 
Hematite  ore,  Durham  :  Bayley,  58. 
Mineral  pigments:  Miller,  757. 
Pawpaw    and    Hancock    quadrangles : 

Stose  and  Swarts.  1058. 
Portland     cement     materlalu,     Lehigh 

district :  Peck,  839. 
Scranton  region :  Darton,  200. 
Talc  and  serpentine,  Northampton  To. : 
Peck,  839. 
Dynamic  and  structural. 

Siliceous  oolites,  origin :  Moore,  778. 
Sun-crack  structure,  Triassic  diabase: 
Wherry,  1189. 
Fhjf»iographic. 

Claysvllle  quadrangle :  Munn,  782. 
Leblgh  district:  Peck,  8.'59. 
Pawpaw    and    Hancock    (lundranglos : 
Stose  and  Swartz.   1058. 
Btratigraphic. 

Central  Pennsylvania,  siliceous  oolites : 

Zlegler,  1202. 
Claysvllle  quadrangle :  Munn,  782. 
Lehigh  district:  Peck,  839. 
Newark  group:  Wherry.  1101. 
Onondaga  formation:  Kindle.  581. 
Pawpaw    and    Hancock    qiiadranglcH : 

Stose  and  Swartz.  in.'>8. 
South  Mountain  :  Eaton,  3(K{. 
Triassic:  Wherry,  1188. 
Paleontology. 
Olenopsis    from     Cnnihrlan  :     Walcott, 

1147. 
Pleistocene    fauna.    Frarikstown :    Hol- 
land. 486. 
Sllicifled  wood,  Triassic:  Wherry.  1100. 
Petrology. 

Siliceous  oolites:  Moon'.  778. 
Central  Pennsylvania.  8iiIc»»ouH  oolites : 
Zlegler.  1262. 
Mineralogy. 

Camotite:  Wherry,  1187. 
Pennsylvanian.     See  Carboniferous. 
Pentremites.     See  Blastoidoa. 
Peoria  quadrangle.  IIllnolH :  TIdden,  1117. 
Permian.     See  Carboniferous. 


Permian  series:  La  Forge,  615. 
Petrolanm. 
General. 

Accumulation :  Johnson,  664. 
Asaoclation   with   faults  and  dikes: 

Clapp,  187. 
DllTerential  cementing :  Johnson,  555. 
Dome  theory:    Harris,   430;   Lucas, 

685. 
Geology,   value   in   petroleum   indus- 
try :  Hager,  416 ;  Knapp,  591. 
Geothermlc    gradients,    relation    to : 

Shaw,  971. 
Igneous  intrusions,  eflTect  on  accumu- 
lation  in  northeastern   Mexico: 
Garflas,  857. 
Magnetic'   declination    lines:    Tarr, 

1069. 
Oil    and    gas    accumulation    in    Ap- 
palachian region:  Munn,  788. 
Oll-fleld  structure,  graphic  represen- 
tation :  Heindl,  444. 
Oil  literature:  Breger,  105. 
Origin:    Blatchley,   79;    Coste,   2^7; 
Latimer,  635 :  and  geologic  oc- 
currence:  Anderson,  17. 
Quaquaversal  structure:  Clapp,  186. 
Alaska,    Iliamna   region :    Martin   and 
Rata,  721. 
Katalla  field :  Thompson,  1081. 
Appalachian  and  central  states :   Ash- 
ley, 24. 

California:     Prutxman,     876;     Requa, 
901. 
San  Joaquin  Valley :  Anderson,  15. 
Illinois:    Blatchley,    79,    81,    82,    83; 
Wheeler,  1185. 
Cariinville  field:  Kay.  563. 
Carlyle  oil  field :  Shaw,  970. 
Crawford    and    Lawrence    counties: 
Blatchley.  80. 
Kentucky,  Cnmpton  pool :   Munn,  783. 
Kenova  quadrangle:  Phalen,  8.'»0. 
Knox  Co. :  Munn,  784. 
Louisiana  :    Harris,    429 :    Lucas.    084  ; 

Wooton.  1251. 
Mexico:     Hornaday,     409;     Skertchly. 
989. 

northeastern,  accumulation  :  Garflns, 
357. 

Michigan  :  Allen  et  al,  13. 

New       Brunswick.       Mondon       area : 

YouHK.  1259. 
New  York  :  Newland.  708. 
Oklahoma  :  Gould.  385. 

Ponca  City  field  :  Ohorn  and  Garrett 
803. 

Oregon  :  Parks,  828. 

Pennsylvania,    Claysvllle    quadrangle : 

Munn,  782. 
Tennessee :  Ashley,  26. 

Spring  Creek  field  :  Munn,  787. 
Texas:  Hornaday,  498. 

Wichita  and  Clay  counties:   I'dden, 
1119;  Udden  and  Phillips.  1121. 
United  States:  U.  S.  Q.  8.,  1127. 
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Patrolanm — Con  tlnuod. 

Utah,  Green  River  field:  Knight,  593; 

Anon.,   1271. 
San    Juan    field :    MacDonald,    702 ; 

Woodruff,  1243. 
West    Virginia,    Doddridge    and    Har- 
rison counties :  Hennen,  447. 
Wyoming,  Douglas  field,  Converse  Co. : 

Jamison,    530. 
Muddy    Creek    field.     Carbon     Co. : 

Jamison,  530. 
Powder  RIvor  oil  field  :   Wegemann, 

1178. 
Salt     Creek     field,      Natrona      Co. : 

Jamison.  r>40. 
Spring  Valiey  field:  Merrill.  748. 
Petrology  (general).     See  also  Igneous  and 

volcanic        rocks ;        Technique. 

For     regional     see     namcM     of 

States,     For  rocks  described  see 

lUU  P-  no. 
General:  Palache,  823;  Watson,   1163. 
Abstracts    and    reviews :    Cross,    238 ; 

Johannsen  et  al.,  545-547. 
Brun*s  new  data  on  volcanlsm :  Wln- 

chell.   1223. 
Conversion    of    rock    analyses :    Mead, 

730. 
Crystallization,  order  in  Igneous  rocks : 

Bowen,  06. 
Foliated    crystalline    rocks :    Trueman, 

1100. 
Lava,  origin  :  Hobbs,  477. 
Methods    of     potrographic-microscopic 

research:    Wright,    1252. 
Microscopical     petrography,     quantita- 
tive:  Wright,  1253. 
'  Quantitative     classification,     modifica- 
tions of :  Cross  ct  al.,  240. 
Rocks,    average    composition :    Clarke, 

105. 
Rutile-bearing  rocks:  Watson,  1164. 
Silicates,    salic :    Washington,    1157. 
Symbols  in  quantitative  clusslfication  : 

Cross.   230. 
Texas  :  Lucas,  684. 
Phoenix,  Boundary  district,  British  Colum- 
bia :  LeKoy,  655. 
Phosphate. 

General:  Stono.    1048. 

Arkansas:    Waggamnn.    1141. 

Florida  :  Sollards.  062. 

Kentucky  :    (Jardner,    356  ;    Wa^gaman, 

1141. 
Ontario  :   Schnild,  050. 
Qu««lM'c:    iM'Dls,    27S;    Schmid,   0.'»0. 
TennosstM' :   Wnggaman,   1141. 
T'nitod    States:    Waggamnn,    1142;    V. 

S.   C.    S..    1127. 
PhyBlographic    (general).     For  regional  see 

naniiti      of      Staten.     .s're      also 

DrainaK*'  changes. 
General:   Duvis.  27:: :   Purdue,  880. 
Atlantic    and    Pacific    types    of    coast  : 

Schwa rz.    O.'jH. 
Bolsou   In   Southwest,  development  of: 

Mclnzer,   744. 


/ 


Phyiiogxmphic   (general) — Continued. 
Coastal  Plain  :  Crosby.  235. 
Cross    cutting     and     retrograding     of 

stream  beds :   I>elienbaugh,  276. 
Description  of  land  forms :  Davis,  270, 

272. 
Desert  ranges :  Paige,  810. 
laboratory  work  :  Clem,  204. 
Mississippi  Valley:  Hart,  431. 
New  terms :  Cairnes,  152. 
Physiographic     development     in     arid 

regions :  Keyes,  573. 
Plateau-plains,     arid     region :     Keyes, 

570. 
Relation     of     geography     to    geology : 

Davis,  271. 
United  States:  Blackwelder,  76. 

Pisces. 

Chlmierolds,  Cretaceous :  Hussakof, 
526. 

Connecticut,  Trlassic:   Lull,  688. 

Devonian,  from  Scaumenac  Bay,  Que. : 
Hussakof,  525. 

Edestus  from  Iowa :  Hay,  438. 

Mesozolc  and  Cenozolc  fishes :  East- 
man, 301. 

Paleozoic :  Dean,  276. 

Placers.    See  also  Gold. 

Colorado,  Breckenrldge :  Lakes,  610. 
Pay  streak  :  Tyrrell,  1116. 

Planetable  in  gtologlc  mapping :  Pel  ton  and 
Irwin.  840 ;  Ransome,  884 ; 
Wegemann,  1180. 

Plants.     See  Paleobotany. 

Plateau  plains,  origin  :  Keyes.  570. 

Platinum. 

United  States:   U.  S.  (i.  S..   1127. 

Pleistocene.  See  Glacial  geology ;  Quater- 
nary. 

Pliocene.     See  Tertiary. 

Porcupine  gold  fields.     See  Ontario. 
Porocystis   pruniformis  Cragin :   B5hm.   80. 
Portland  Canal  district,  British  Columbia  : 
McConnell,  606. 

Portland  cement.     See  cement. 

Potash. 

General:  Breger,  104;  Stutzer.  1060. 

Field  investigations :  (iale,  350. 
-Vmericim  deposits  :  Mitchell,  768. 
California,   Searles  Lake  region  :   Ham- 

mon,   424.  425. 
Nevada  :    Free.    341. 

Railroad  Valley  :  Sheldon.  07:5. 
Texas,     Spur,     Dickens     Co. :     Udden. 

1120. 
United  States:  Gale,  340;  U.  S.  G.  S., 

1127. 
Utah,    Marysvllle :     Butler    and    (Iale, 

141. 
Western    United    States:   Surr.    HKil. 
Wyoming.     I^ucite     IIIlls,     Sweetwater 

Co.  :  Schultz  and  Cross.  057.* 

Powder  River  oil  field.  Wyoming :  Wege- 
mann,  1178. 
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Strtitigraphif. 

General:  Holmqulst,  490. 
Arctic  regions :  Bugge,  127. 
Brttish  Columbia:  Daly.  255,  256. 
Ice  River  district :  Allan.  10. 
Shuswap  lakes  region  :  Daly.  254. 
Colorado,  Alma  district :  Patton  ct  al., 

8,'?4. 
Greenland,  Julianehanb  region :  Usslng. 
1130. 
northwestern  :   Ileim,  442. 
Idaho,  CoRur  d'Alone  roglon.   Belt  and 

Pelona  series:  Ilershey,  452. 
Iowa  :  Norton  et  al.,  SOO. 
Michigan,  Keweenaw  series :  Lane,  027. 
Minnesota:  Zapffe.  1200. 

iron  ranges:  Van  Barncveld,  11. 'J3. 
Missouri,  Ozark  region  :  Crane,  2o.'i. 
North  America:  Willis.  1212. 
North  Carolina,  Dan  River  tleld  :  Stone. 
1046. 

Ontario.    Cripple    Creek    area :    Bruce, 
124. 

Gowganda  to  Porcupine  area :  Mc- 
Millan. 709. 

Lake  of  the  Woods  region  :  Parsons, 
832. 

Larder  I^ke  district:  Wilson.   1220. 
McArthur    township:    Hopkins,    491. 
northern  :    Moore,  780. 
Onaplng  sheet:  Collins.  218. 
Patricia  district:   Miller  et  al.,  763. 
Porcupine  area  :  Burrows.  137. 
Rainy  Lake :   Lawson.  637. 
Steeprock  Lake :  I.AW8on,  636. 
West    Shlnlngtree   district  :    Stewart. 
1040. 

Pennsylvania,     Durham     Hills:     Peck. 
839. 

Lehigh  region  :  Miller.  757. 
South  Mountain  :   Katon,  .303. 
Quebec,       Ke<»keek       and       Kewngaraa 
region  :  Bancroft.  43. 
Kewagama  Lake  area:  Wilson.  1221. 
Orford   area  :   Ilarvle.   433. 
Ottawa  valley:   Stansfleld.    lois. 
Pontiac  County:   Wilson.   1220. 
South   Dakota.    Harney    I'eak   diHtrlct  : 

Duncan.  206. 
Texas,  Llano  and  Burn«*tt  quadraimles  : 

Paige,   817. 
Wisconsin,       I^ke       Superior       coast : 
Thwaltes,    1085. 
Paleontology. 

Steeprock     fauna.     Ontario:     Walcott, 
1151. 
Preolona  stones.     See  also  Diamonds ;   Sap- 
phires ;  Turquoise. 
North     Carolina,     emeralds:     Sterretf. 

1080. 
Opal  In  Nevada  and  Idaho:  Kun/.  613. 
United   States:    Sterrett.    1029:    V.    S. 
G.  S.,  1127. 

Primates.    Bee  Mammalia. 


Prince  Edward  Iiland. 
Stratigraphic. 

Permo-Carboniferous    rocks :     Watson, 
11^9. 
Protopaleaster    narrawayl :    Hudson,    519 ; 
covering  plates :  Raymond,  891. 
Pseudomorphi. 

Stibnlte.    San   Luis   Potosi :    Ford  and 
Bradley,  338. 
I*seudostratiflcatlon :    Louderback,    677. 
Psygmophyllum  majus :  Arber,  21. 
Pyrite. 

General:  Phalen,  851. 
Canada:   Wilson,  1217.   1218. 
New  York:  Newland,  798. 

St.  I^wrence  Co.:   Smyth,  1004. 
Texas,  Llano  and  Burnett  quadrangles: 

Paige,   817. 
United  States:  U.  S.  G.  S.,  1127. 

Qttarti. 

T'nlted  States:  IT.   S.  G.  S.,  1127. 

Quaternary.     See  also  (ilaclal  geology. 

fftratigraphu. 

General:  Ilay,  437. 
Alaska  :  Tarr,   1063. 

Bonnlfleld    region :   Capps,    170. 
Illamna    region :    Martin   and    Katl» 

721. 
Colorado.  Alma  district :  Patton  et  al., 

8.34. 
Apishapa  quadrangle :  Stose.  10.56. 
Idaho,  eastern  :  Hershey,  4I!;1. 
Illinois.     Peoria    quadrangle:     Udden, 

1117. 
Indiana  :    Hay,   435. 
Iowa  :  Norton  et  al.,  800. 
Maryland.   Choptank   quadrangle:  Mil- 
ler. 758. 
Montana,  western :  Hershey,  451. 
New     Brunswick.     Bathurst     district : 

Young,  1258. 
Nicaragua.      northeastern :       Hershey, 

4.50. 
North   (Carolina,    Coastal    Plain:    Clark 

et  al.  19.3. 
North    Dakota.    Bismarck    quadrangle: 

I^eonard.   654. 
TTtah.  Park  City  district :  Boutwell.  92. 
Vermont.      Green      Mountain      region : 

Perkins,   845. 
Virginia.     Coastal     Plain:    Clark    and 

Miller,    192. 
Washington,  eastern  :  Hershey,  451. 
Yukon,  Wheaton  district :  Calmes.  149. 
rahontoloffj/. 

Avian  faunas  of  Pacific  coast :  Miller, 

762. 
California,    Pleistocene    rodents :    Kel- 
logg, 569. 
Itancho    La     Brea    fauna,    Canlde: 

Merrlam,    74.5. 
Carnivora  :   Merrlam,  746. 
(ilyptodont  from  Mexico:  Brown,  118, 

121. 
Indiana,  vertebrata :  Hay,  4.35. 
Panama  and  Costa  Rica:  Dall,  253. 
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Quaternary — Continued. 
Paleontology — Continued. 

Pennsylyania,    Frankstown :    Holland, 

486. 
Pleistocene  faunas:  Hay,  487. 
Quebec,  Ostrea  in  Pleistocene  of  Mont- 
real :   Ardley,   22. 
Virginia,  Pleistocene  plants  from  Blue 
Ridge:   Berry,   71. 
Qnabeo. 
Qeneral, 

Ilarrlcanaw   and   Nottaway   rivers    re- 
gion :   Bancroft,   42. 

Economic, 

Amherst  graphite  deposits:  Clrkel,  181. 

Clay  resources :  Ries,  915. 

Gold,  Meule  Creek,  Chaudiere  dlHtrlct : 

Keele,   566. 
Iron  deposits  north  of  St.  Lawrence: 

Dulieuz,  290.  291. 
Keekeek  and  Kewagama  lakes  region : 

Bancroft.    43. 
Magnetic     iron     sands,     Natnshkwan. 

Saguenay  Co. :  Mackensie.  704. 
Mica:   Schmid,  951. 
Mica,   graphite,   and  apatite   deposits. 

Ottawa  Valley :  Stansfleld,  1018. 
Mining  operations  in  1911 :  Denis,  278. 
Phosphate     and      feldspar      deposits: 

Schmid,  950. 
Pontlac  County:  Wilson,  1220. 
Tltaniferous  ores  and  magnetic  sands, 

St.  Lawrence :  Dulleux,  292. 
Dynamic  and  structural. 

Changes    of    level,    postglacial :    Gold- 

thwalt,   378. 
Physiographic. 

Covey  Hill  region  :  Spencer,  1010. 
Btratigraphic. 

General:  Valiquette,   1132. 

Beloell     and    Kougeniont     Mountains : 

O'Neill.   806. 
Entry     iHland      (Magdalen      Islands)  : 

Clarke,    199. 
Keekeek  and   Kewagnma   lakes  region  : 

Bancroft,    43. 
Kewagama  Lake  area  :  Wilson.  1221. 
Larder     Lake    district,     Pontlac     Co. : 

Wilson.    1220. 
National    Transcontinental  Railway   in 

southern    Quebec :    Dresser.   288. 
Orford  area  :  ITarvIe.  433. 
Ottawa  Valley  :  Stansfleld.  1018. 

Paleontology. 

Devon ic   fishes    from    Scaumenar    Bay : 

Ilussnkof,  {'»25. 
Ostrea     in     IMoIstocene    of    Montreal : 
Ardley.    22. 

Prirology. 

Ilmenlte    rocks.    St.    T'rbaIn  :    Warren. 

iir»o. 

Mineralogy. 

Rutlle  and  sapphlriin' :  Warren.  1150. 


Quioksilvar. 

United   States:  McCaskey,  698;   U.   S. 
G.   S.,  1127. 

Radioactivity. 

Bearings  on  geology:  Chamberlln,  179. 
Rampart  region,  Alaska:  Eakln.  297. 
Rar«  earths. 

Qeneral:  Hess,  456. 

Texas.  Llano:  Mcl^ren,  705. 

Llano     and      Burnet     quadrangles : 
Paige,   817. 

Red  beds,  origin  :  Beede,  62. 
Reptilla. 

Alabama.  Cretaceous:  Gilmore.  365. 
Camptosaurus :  Gilmore.  366. 
Chelonia  :  Hay.  436. 
Connecticut,  Trlasslc:  Lull,  688. 
Cotylosauria  :  Case,  175. 
Cretaceous  dinosaurs :  Lull,  687. 
Diadectes     lentus     and     Anlmasaums 

carlnatus:   Case  and  Wllliston, 

177. 
Dinosaurs     from     Alberta :     Matthew 

733. 
Dinosaur  -  turtle      analogy  :      Wieland, 

1205. 
Glyptodont  from  Jalisco:  Brown,  118. 
Indiana,  Pleistocene:  Hay,  435. 
Jurassic  dinosaurs :  Holland.  487. 
Jurassic  pleslosaurs,   Wyoming:   Mehl, 

741. 

Limnoscelis,    New    Mexico:    Wllliston, 
1214. 

Lysorophus,  limbs:  Finney,  325. 

Marine  reptiles:   Merrlam,   747. 

Mexico,    Jalisco,    Glyptodont :    Brown, 
118. 

Murapnosaurus    and    Tricleldus :    Mehl, 
741. 

I»antylu8.  Texas:  Mehl,  740. 

Primitive  reptiles:  Wllliston,  1215. 

Stegosaurus:  Gilmore,   .367. 

Stomach  stones :  Moodie,  774. 

T^n  years*  progress:  Case.  176. 
Restorations. 

Limnoscelis :   Wllliston,   1214. 

Permian  reptiles :  Case,  175. 

Pisces   (Scaumenacia)  :   Hussakof,  525. 

Stenomylus:    Peterson,   848. 

Tltanothere  :   Gregory,   400. 

Trachodon  :  Osbom.  812. 

Triasslc.  Connecticut  Valley :  Lull,  688. 
Rhode  Island. 
t^tratigraphic, 

Nnrragansett  Basin  :  T^hee,  617. 
Petrology, 

NarruKansett  Basin  :   Lahoe.  017. 
Rhodium. 

United  States  :  U.  S.  O.  S..  1127. 

Richmond  series,  Batostomas :  Cumings  and 

<;allo\vj\y.  24.^>. 
Hill  channels  :  Hudson.  518. 
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Rlnglng-rock  phenomena :  Wherry,  1189. 
Blpple  marks :  Kindle,  684. 

Hudson  River:  Kemp,  571. 

Bead  matariala. 

Florida :  Sellards,  ei  a?.,  064. 

Oregon:  Parks.  827. 
Rocks  described.     See  list,  p,  170. 

Soeks,  stmotnral  features. 

Crescentic  fractures  of  Klaclnl  orl^n : 

Lahee,  610. 
Foliated    crystalline    rocks :    Trueman, 

1100. 
Gypsum,  Albert  Co.,  N.  B. :  Baliey.  .'^S. 
Joint  planes :  Sheldon,  074. 
Joining,   New   Albany   shale,    Indiana : 

Culbertson,  242. 
Rill  channels :  Hudson,  518. 
Siliceous  oolites,  origin  :  Moore,  778. 
Stratification  :  McNair,  710. 
Sun-crack  structure,  Triassic  diabase : 

Wherry,  1180. 
Ruby  placer  district,  Alaska  :  Maddren,  711. 

Salem  limestone,  southeastern  Iowa :  Vnn 
Tuyl,  1136. 

Salmon  River  district.  BritiHh  Columbia : 
McConnell,  605. 

Salt. 

Oeneral. 

Form  of  salt  deposits :  Ilahn,  420. 
Canada:  Cole.  215. 
Louisiana:  Lucas,  684;  Wooton,  1250. 
Michigan:  Allen  et  a/..  13. 
New  York:  New  land,  798. 
Texas :  Lucas,  084. 
United  States:  U.  S.  G.  ft..  1127. 
Virginia,  southwestern  :  Stose.  1057. 

Band.    See  aUo  Glass  sand :  Silica. 
New  York:  Newland.  798. 
Ohio:  Condlt.  210. 
Oregon  :  Parks.  828. 
Pennsylvania.  Scranton  region  :  Darton, 

260. 
United   States :   Burchard.    1 31  :   T'.   S. 

G.  S.,  1127. 
VirglnU,  Coastal  Plain:  Watson.  1101. 

Sand  lima  brick. 

Illinois:  Parr  and  Emest,  831. 

Sandstone.     See  also  Building  stone. 
New  York :  Newland,  798. 
Wisconsin,       Lake       Suporlor       coast  : 
Thwaltes,  1085. 

San  Joaquin  Valley,  California,  geolojfy  and 
possible  oil  resources  :  Anderson, 
15. 

San  Juan  Mountains,  Colo.,  glacial  epochs : 
Atwood  and   Mather,  32. 

San  Juan  oil  field.  Utah:  Woodruff.   1243. 

Santa  Rito  (Chino),  New  Mexlro,  geologic 
and  structural  relations:  Paige. 
821. 


Saikatohawaa. 
Economic. 

Clay    and    shale    deposits:    RIes    and 

Keele,  016. 
Coal  fields :  Denia,  277 ;  Dowling.  286. 
Sadimtntation.     See  also  Erosion. 

Delta   deposits:   Barrell,   48;   Grabau, 

389. 
Esker  fans,  structure :  .Taggar,  537. 
Marine    sedimentation,    character   and 

magnitude:  Clarke,  105. 
Pebble  deposits :  Bagg.  36. 
Red  beds,  origin :  Beede,  62. 
Seismology.     See  aUo  Earthquakes. 

Harvard   selsmographic  station,   third 

report:  Woodworth.  1248. 
Microseismic  motion :  Burbank.  128. 
MIcroseisms   caused    by    frost    action : 

Burbank.   120. 
Missouri,  St.  Louis  University:  Ooesse 

and  Rueppel.  376. 
Seismograph    at    American     Museum : 

Ilovey,   508. 
Selsmographic      bookkeeping :      Wood» 

1242. 
Seismographs:  Reid,  806. 
Selsmological  notes:  Anon.,   1272. 
Seleninm. 

United  States-  r.  s.  a.  S.,  1127. 
Serpentine. 

Pennsylvania.  Northampton  Co. :  Peck, 

839. 
Texas,  Llano  and  Burnet  quadrangles : 
Paige,   817. 
Seward  Peninsula.  Alaska  :  Smith,  000. 
Shale. 

Canada,   western   provinces :   RIes  and 
Keele,  916. 
Sherbrooke    formation,    British    Columbia : 

Burling.    135. 
Sheridan    coal    field,    Wyoming:    Simmons, 

981. 
Sidney  lignite  fields,  Dawson  County,  Mon- 
tana :   Steblnger.   1026. 
Silica,  forms  of:  Fenner,  321. 
Silurian.     For   lA)tcer  Silurian   see  Ordovi- 
cian. 
Stratigraphy. 

Alaska- Yukon  boundary :  Calmes.  150. 
Georgia,  northern  :  Maynard,  738. 
Idaho,  east:  I'mpleby.   1123. 
Illinois,     Peoria    quadrangle :     Udden, 
1117. 
Wheaton     quadrangle :     Trowbridge, 
1104. 
lown  :     Norton     ct    al.,    800. 
Kentucky,   Dix   River  region  :   Foerste, 

326. 
Maryland,  Pawpaw  and  Hancock  quad- 
rangles :  Stose  and  Swartz,  1058. 
Missouri.  Ozark  region  :  Crane,  233. 
New     Brunswick,     Bathurst     district : 
Young.   12.'S8. 
southern  :  Ells,  .307. 
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Bilnrlan— Continued. 

Stratigraphy — Continued. 
New  York:  Hartnagel,  432. 
North  America:  Willis,  1212. 
Nova    Scotia.    Arisaig-Antigonish    dis- 
trict:  Williams,  1211. 
Ohio,  Columbus  quadrangle :  Stauffer  et 
al.,  1025. 
southwestern  :  Puller  and  Clapp.  346. 
Ontario,  Detroit  River  area :  Nattress, 

793. 
Pennsylvania,    Lehigh    district :    Peck. 
889. 
Lehigh  Gap:  Miller.  757. 
Pawpaw  and  Hancock  quadrangles : 
Stose  and  Swartz,  1058. 
Quebec,    Entry    Island    (Magdalen    Is- 
lands) :   Clarke,   199. 
Orford  area :  Harvie,  433. 
West   Virginia,   Pawpaw  and  Hancock 
quadrangles :  Stose  and  Swartz, 
1058. 
Paleontology. 

Maine,  Eastport  quadrangle :  Williams, 
1209. 
Washington  County,  Mollusca :   Wil- 
lUms,  1207. 
New  Brunswick,  southern :  Ells,  307. 
Silver. 

General:  CoghiU,  214. 

Genesis    of    silver    deposits :    Matte- 
son,  727. 
Geologic  structure  of  silver  districts  : 

Mattesoh,  725. 
Minerals  of  silver   deposits :   Matte- 
son,  726. 
Alaska,    Iliamna    region :    Martin    and 

Katz.  721. 
Arizona,   Owl    Head   district :    IMcknrd, 
856. 
Silverbell  district :  Stewart.  1037. 
British      Columbia,     -East      Kootenny : 
Schofleld,  953,  054. 
Nelson  area  :   LeRoy,  656. 
California,  High  Grade  district :  Stines, 

1041,    1042;    Storms,   1052. 
Colorado,  Leadville :  Butler,  144. 
Idaho,   Coeur   d'Alene   region :    Huston, 
527. 
Wardner   district :    Ransome,    885. 
Mexico,    Sierra    Mojada    district :    Van 
Horn,  1135. 
Sonora,    Sahuarlpa    district :    Ilynes. 
530. 
Sonora  Valley:  Ilafer.  415. 
Tamaulipas,     San     Nicolfis    district : 
Wentworth,   1182. 
Montana,    Blue    Bird    mine :    Wlnohell 
and  Winchell,  1227. 
Butte  district :   Weed.    1171. 
Nevada,  Austin  :  Taylor,  1073. 
Mineral   Hill  :  Toll,  1089. 
Palmyra  district:  Cutler,  247. 
Tonopah  :    Eakle.    298. 
New  Mexico,   Magdalena  district :  Tnt- 
tle,  1113. 


Silver — Continued. 

Ontario,    Cobalt    district:    Hore,    497; 

Tyrrell.  1115. 
Quebec:  Denis,  278. 
United  States:  U.  S.  G.  S.,  1127. 
Utah,  Park  City  district :  Boutweli,  92. 
Union   Chief  and   Santaquin   mines: 
Higgins,  461. 
Yukon,  Wheaton  district :  Caimes,  149. 
Silverbell  mining  district,  Arizona  :  Stewart, 
1037. 

Sink  holes. 

Indiana,  southern :  Cumings,  244. 
Skagit  Valley,  Yale  district,  British  Colum- 
bia:  Camsell,  164. 

Bute. 

United  States:  U.  S.  G.  S..  1127. 
Vermont:  Perkins,  845,  846. 

Soapstone. 

United  States:  U.  S.  G.  S.,  1127. 
Vermont:  Perkins,  846. 
Soils. 

Florida  :   Sellards,  961. 
Indiana,  Greene  Co. :  Tharp  and  Mann, 
1074. 
Hancock,      Johnson,      and      Shelby 

counties :    Hole,    484. 
Laporte,    St.    Joseph,    and   Bartholo- 
mew counties:  Quinn,  882. 
Marion  Co. :  Geib  and  Schroeder,  360. 
Morgan  and  Owen  counties :  Edmon- 
son, 306 ;  Shannon,  965. 
Posey  Co. :  Marean,  717. 
Spencer,  Warrick,  and  Scott  counties  : 
Mangum  and  Neill.  716. 
Kentucky,  Hartford  quadrangle  :  .Tones, 

560. 
Tennessee.  Robertson  Co. :  Rogers.  030. 
United  States:  Whitney  et  al.,  1201. 

South  Carolina. 
Paleontology. 

Echinlds.  Tertiary:   Stefanlnl.   1028. 
South  Dakota. 
General. 

Black  Hills,  volcanic  deposits  :  Darton, 

265. 
Mellette,    Washabaugh.     Bennett,     and 
Todd     counties :      Perisho      and 
Vlsher,   843.' 
Economic. 

Llthla    deposits.    Black    Hills :    Ander- 
son,  14. 
Tin   In  the   Black   Hills  :   Alder,   7. 
Physiographic. 

Pre- Wisconsin  :  Todd.  1088. 
^iraligruphic. 

Black  Hills  region  :  Stone.  104."». 
IMelstocene  formations  :  Shimek.  077. 

Sioux  Falls:   Shimek,  076. 
Pre-Camhrian  of  Harney  Peak  district : 
Duncan,  29G. 
Spongida. 

Steeprock     fjiiin.i.     Ontario:     Walcott, 
1151. 
Steeprock  fauna  :  Wulcolt,  1153. 
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8toB«.    Bee  aUo  Bulldlnf?  stone. 
Canada:  ParkR,  830. 
New  York :   New  land,  798. 
Oregon:  Parks,  828. 

Btratilleatlon. 
General:  Willis.  VlVl. 

Pneadostratiflcatlon,  Santa  Barbara 
Co.,  Cal. :  I^uderback.  677. 

Btratiffraphio    (general).     For  reyional,  sec 
names  of  States,     See  also   the 
different  systems. 
General:  Willis,  1212. 

Coastal  Plain  :  Crosby,  2.35. 

Dynamic  relntions  and  terminology  of 
stratiio'apbic  conformity  and 
unconformity :  (."roRby,  2.'jr>. 

UlrlBli's  Revision  of  Paleozoic  »yH- 
tems  :  Ilahn,  422. 

UnitM  SUtes:  Bluckwelder,  70. 

CarrelaiUm. 
Bedford  shale:  Glrty,  :{7o. 
Carboniferous   of    Iowa   and    MlsHoiirl : 

Keyes.  578. 
Cbattanooga   shale:   Klndlr.   582. 
Coal    beds.     Rocky    Mountain     region : 

Lee,  649. 
Coastal    Plain   formations :    Clark    and 

Miller.  192:  Clark  ct  al.,  Ur.\. 
Devonian,  New  York  and  New  Jorsey  : 

Clarke.  198. 
Monument     Creek     group,      Colorado : 

Richardson,  908. 
Ohio,  northeastern :    ProHser.   872. 
Silurian,  Maine:  Williams.   1209. 
Tertiary  :  Osborn.  815. 

Judith  River  formation  :   Pealc.   s:{7. 
Trias:  Wherry.   1191. 
Virginia.     Coastal     Plain     formations: 

Clark  and  Millor,    192. 

Tables  of  grolopiv  formations. 
Alaska,    lllamna    region  :    .Martin    and 

Katz.   721. 
British    Columbia.    Boundary    district  : 
LeRoy,   tJ55. 
Ice  River  district  :  Ailnn.   H». 
Vancouver  Island:  Clapp.    1S2. 
Chattanoogan  series:  ririch.  1122. 
(Mncinnatlan  :  Foerste.  :{2K. 
Colorado,    (irand    M«'sa    and   West    KIk 

Mountains  flolds :  Lee,  647. 
Devonian,    Allegheny    region  :     Kindle. 

581. 
Georgia,  Appalachian  Vall<'y  and  Cum- 
berland Plateau  :  Maynard,  7.'iS. 
Iowa  :  Keyes,  577  ;  .Norton  ft  a/.,  800. 
Kentucky.    I)lx    River   region :    Foorst*', 

326. 
Maryland  :  Md.  (;.   S..  724. 

Pawpaw  and    Ilancork   (luadrangh's : 
Stose  and  Swart z.   105H. 
Missouri:   Cran«'.    2:i.'{. 
Montana.     Baker     field.     Custer     Co.  : 
Bo  wen,   9: 1. 
Culbertson  field.  Vallry  Co.  :  Boekly. 

63. 
Custer     Co..     Terry      lignite      field : 
Herald,  448. 


Btratigraphio  (general) — Continued. 

Tables  of  geologic  formations — Continued. 
Montana — Continued. 

Dawson  Co.,  Glendive  field :   Hance, 

426. 
eastern  :  Calvert,  157. 
Livingston    and    Trail    Creek    fields : 

Calvert,  158. 
Milk  River  field :  Pepperiierg.  842. 
Sidney  field,  Dawson  Co. :  Hteblnger, 
1026. 
New  Mexico  coal  fields :  I^e,  648. 
Ohio,    Columbus   quadrangle :    Stauffer 
et  al.,  1025. 
northeastern'.  Prosser,  872. 
Ontario,   pre-Cambrian :   Moore,   780. 
Ordovician  of  Cincinnati  area  :  Foerste, 

327. 
Pennsylvania,    Lehigh    region :    Miller. 
757. 
Pawpaw  and  Hancock  quadrangles : 

Stose  and  Swartz,  1058. 
Trlasslc:  Wherry,   1191. 
Pre-Cambrlan,  Canada :   Moore,  7mi). 
Quebec,  southern  :  Dresser,  288. 
South     Dakota:    Perisho    and    Vlsher, 

843. 
Tennessee,  eastern:  Jarvls,  541. 

Tennessee      Valley,      central      part : 
Gordon  and  Jarvls,  383. 
Texas,  Llano  and  Burnet  quadrangles : 

Paige,  817. 
Utah,    San    Juan    oil    field :    Woodruff, 
1243. 
Wasatch     Co.,     Blacktail     Mountain 
coal  field  :  Lupton,  690. 
Virginia.     Coastal    Plain:     Clark    and 

Miller,   192. 
West    Virginia.   Pawpaw  and    Hancock 
quadrangles :  Stose  and  Swartz, 
1058. 
Wisconsin :    Ilotchkiss    and    Thwaites, 

501. 
Wyoming,    Douglas   oil    field.   Converse 
Co. :  Jamison,  539. 
Muddy  Creek  oil   field.  Carl>on   Co. : 

Jamison,  539. 
I*owder   River  oil    field :    Wegemann, 

1178. 
Wind    River    region :    Woodruff    and 
Winchester.    1246. 
Stromatoporoids :    Klrkpatrlck,   588,   589. 
Strontium. 

United  States:  U.  S.  G.  S.,  1127. 
Study  and  teaching.     Sec  Educational. 
Subsidence.     See  Changes  of  level. 
Subterranean    water.         Sec    Underground 

water. 
Sudl)ury   nickel   district.   Ontario:  Thomas. 

1080. 
Sulphur. 

Grnrral:  Phalen.  851. 

Genesis  :   Stutzer,  1059. 
Louisiana  :  Lucas.  684. 
Quebec  :  Denis,  278. 
Texas :  Lucas,  684. 

Culberson  Co. :  Phillips.  854. 
United  States ;  U.  S.  O.  S.,  1127. 
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Sarreyi* 

California :  Storms*  1066. 

Illinois:  DeWolf,  280. 

Iowa  :  Arey,  23 ;  Kay«  662. 

Mississippi,  biennial  report :  Miss.  G. 
8..  767. 

New  Jersey,  report  State  geologist : 
Kfimmel.  611. 

State  geological  surveys :  DeWolf,  281. 

Tennessee :  Glenn,  373. 

United  States  Geological  Survey,  pol- 
icy :    Smith,   903. 
Report  1911-1912:  Smith,  992. 
Sussex   coal    field,    Johnson,    Natrona,    and 
Converse     counties,     Wyoming : 
Wegemann,  1179. 
Swastika  gold  area :  Bruce,  123. 
Sweetland   Creek   shale,     Illinois :    Uddcn, 

1118. 
Tables  of  geologic  formations.     See  Strati- 
graphic. 
Taconic  question :  Keith,  568. 
Talo. 

New  York:  Newland,  798. 

Pennsylvania,  Northampton  Co. :  Pock. 
839. 

Texas,  Llano  and  Burnet  quadrangles : 
Paige,  817. 

United  States :  U.  S.  G.  S.,  1127. 

Vermont :  Perkins,  846. 
Tantalnm. 

United  States:  U.  8.  G.  8.,  1127. 
Technique. 

Color  scheme  for  crystal  models  :  Chad- 
wick.  178. 

Geological  short-cuts :  Mead,  739. 

Granularity  limits  in  potrographic  mi- 
croscopic work :  Wright,  1254. 

Optic  angle  of  gypsum :  Kraus  and 
Youngs,  609. 

Optical  properties  of  minerals,  deter- 
mination of:  Wright,  1263. 

Petrographlc-mlcroscoplc  methods  : 
Wright,  12r>2. 

Planetable  In  geologic  mapping :  I'elton 
and  Irwin,  840  ;  Kansome.  884  ; 
Wegemann,  1180. 

Refraction.  Index  :  Lane.  632. 

Removing  tests  from  fossils  :  Buckman. 
126. 

Rock  analyses,  conversion  of :  Mead, 
739. 

Seismograph  at  American  Museum  : 
Hovpy,  508. 

Seismographlc  bookkeeping :  Wood, 
1242. 

Seismographs  :   Held,  896. 
Tennessee. 

General:  (Jlenn.  .S73. 

Report   (ioologlcal   Survoy,    1012  :   Pur 
due,  877. 

Robertson  Co.  :   Rogers.  O.'iO. 
Economic. 

Aluminum  and  bauxite  mining:  Ash- 
ley. 28. 

Barlte  doposlts,  Sweetwater  district : 
llenegar,  446. 


Tennessee    Continued. 
Economic — Continued. 

Bauxite  mining :  Ashley,  27. 

Cave  marble  (cave  onyx)  :  Gordon,  380. 

Clays  of  Henry  Co. :  Kirkpatrick  and 

Nelson,  687. 
Clinton     iron-ore    deposits :     Whinery, 

1192. 
Iron  deposits,  Tuckahoe  district :  Gor- 
don and  Jarvis,  383. 
E}ast  Tennessee :  Jarvis,  541. 
Lead :  Nelson,  794. 

Lignite  and  lignitic  clay  :  Nelson,  796. 
Oil  and  gas:  Ashley,  26. 
Onyx  deposits:  Gordon.  381,  382. 
Phosphates:  Waggaman,  1141. 
Spring  Creek  oil  field  :  Munn,  787. 
Zinc  deposits,  northeastern  Tennessee: 
Purdue,  878. 
northern  Tennessee:  Purdue,  879. 
Dynamic  and  structural. 

Monteagle  cave,   Grundy   Co. :   Nelson, 
796. 
Stratigraphic. 

Chattanoogan  series :  Ulrich,  1122. 
Memphis :  Munn.  786. 
Terraces.    See  also  Beaches ;  Shore  lines. 
California:  Wittich.  1233. 
Idaho,  northern  :  Hershey,  451. 
Indiana,  Whitewater  River :  Hole,  483. 
Mexico,     Lower    California :     Wittich, 

1233. 
New  Brunswick:  Goldthwait,  378. 
Quebec:  Goldthwait,  378. 
Tertiary. 
Ocneral. 

Correlation    and    paleogeography :    Os- 
born,  815. 
Stratii/raphy. 

Alaska.  Bonnifiold  region  :  Capps,  170. 
(lUlkana-SusItna  region  :  Moffit,  769. 
Illamna    region :    Martin    and    Katz, 

721. 
Matanuska  Valley:  Martin  and  Katz, 

722. 
Yontna   district :    Capps,    171. 
British    Columbia.    Boundary    district : 
l/oltoy.   655. 
Vancouver   Island  :  Clapp.   182. 
West  Kootenay  :  Drysdale.  280. 
California.    Coallnga    oil    field    region : 
Dumble,  293. 
Klrker  Pass  Neocene  section  :  Clark, 

188. 
MIocono  :    Smith.    006. 
Monterey  aeries:  Martin,  718. 
San  Joaquin  Valley  :  Anderson,  15. 
Colorado,   Aplshapa  quadrangle  :   Stose, 
1050. 
Florissant,   Miocene :   (^ockerell.    208. 
Grand    MCvSa    and    West    Elk    Moun- 
tains :    Lee.  047. 
Monument  Crook  group:  Uichardson, 
008, 
Costa   HIca  :   Romanes,  O.Hl. 

Peninsula  of  Nlcoya  :  Uomanos.  032. 
Greenland,  western  :  Helm,  443. 
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TutiMij — Continued. 

BtrQiioraphv — Continued. 

Idaho,  northern:  Hershey,  451. 
Illinois,     Peoria    quadrangle:     Udden, 

1117. 
Judith  River  formation :  Peale,  837. 
Kansas:  Parker.  826. 
Maryland,        Choptnnk        quadrangle : 

Miller,  758. 
Mexico,  eastern:  Dumble,  294. 

Sonora,  Cananea  district :  Lee,  645. 
Missouri,  Osark  region :  Crane,  233. 
Montana,  Culbertson  field,  Valley  Co. : 
Beekly,   63. 
Custer  Co.,  Terry  lignite  field:  Her- 
ald, 448. 
eastern  :  Calvert,  157. 
Milk  River  field :  Pepperberg,  842. 
northern :   Hersbey.  451. 
Nevada,  Elko  Co. :  Scbrnder,  955. 
New  Mexico,  north  central :   I^e,  648. 
Nicaragua,  northeaRtorn  :  Hershey,  450. 
North  America:  Willis.  1212. 
North  Carolina.  CoasUl  Plain:   Clark 

et  al.,  193. 
North   Dakota,    Bismarck   quadrangle : 
Leonard,  654. 
Fort   Bert  hold    Indian    Reservation : 
Pishel.  861. 
South  Dakota,  south  central :  PeriHho 

and  Visher,  843. 
Trinidad.     Caronl     sorleH.     Savaneta : 

Guppy,  414. 
Uinta  formations:  Riggs.  017. 
Utsh,  eastern:  Umplehy.  1125. 

Uinta  Co.,  r>cep  i'reek  district :  Lup- 

ton,  689. 
Wasatch     Co.,     Rlackfuil     Mountain 
coal  field  :  Lupton.  600. 
Vermont,  (iroen  Mountain  region  :  Per- 
kins. 845. 
Virginia.     Coaatul     IMain :     (.Mark    and 

Miller.  102. 
Washington,   eastern  :  IlerHhoy,   451. 
King  County  :  Kvanfl.  313. 
western:  Weaver.  1160. 
West  Indies:  (iuppy.  411. 
Wyoming,  Bighorn  ImHin  :  Sinclair  and 
Granger.  98r>. 
Douglas     oil     field,     ConverHe     Co. : 

Jamison,  53!). 
Little    Powder    Klver    field :     Davis. 

269. 
Lost   Spring  coal   field :    WlnchrHtci-. 

1231. 
Muddy   Creek  oil   field.   Carbon   Co. : 

JamlHon.  530. 
Sussex  coal  field:   WoKomann.   1170. 
Wind    River    region  :    Woodruff    and 
Winchester.  1-246. 
Yukon,  Wheaton  district :  Calrnea,  140. 
Paleontology. 

California,       Miocene       invertebrates : 
Smith,  996. 
Monterey  series :  Martin.   718. 
Pliocene    and    IMelKtocene    Foramlnl- 
fera:  Bagg,  35. 


Tertiary — Continued. 

Paleontologif — (Continued. 

Califomlan  province,  fresh-water  Mol- 
luscs :  Hannibal,  427. 

Colorado,  Florissant,  Coleoptera :   Wick- 
ham,  1202,  1203. 
Raphldia:  Cockrell,  211. 
Tertiary    fungus    gnat :    Johannsen, 
548. 

Costa  Rica  :  Romanes,  931. 

Echlnids:  Stefaninl,  1028. 

Maryland,  Miocene,  Delpbinodon : 
True,  1105. 

Molluscs  from  tbe  West :  C!ockerell 
and  Henderson,  213. 

Nebraska,    rhinoceros    from    Miocene: 
Cook,  222,  223,  226. 
Sioux  County  :  I'ook.  224. 

North  Carolina.  Coastal  Plain  :  (Mark 
et  al.,  193. 

Titanotheres,  Uinta  formations :  Riggs, 
917. 

Trinidad  :  Maury,  736,  737. 

Springvale.   Miocene  fossils:  Guppy, 
400.  410. 

Vermont,  Ureen  Mountain  region  :  Per- 
kins, 845. 

Virginia.  Coastal  Plain:  Clark  and 
Miller,  192. 

Wasbington,  .western  :  Weaver,  1169. 
Tetraplasy  :  Osborn,  814. 
Texas. 
General. 

Potash,  Permian  rocks:  Udden,  1120. 

Salines  as  geologic  thermometer: 
I^chmann,  614. 

Southwest  Texas :  Madison,  713. 
Economic. 

Dome   theory :   Lucas,  685. 

Gold  and  rare  metals,  Llano :  Mc- 
Laren,   705. 

Gold  In  Eocene  deposits :  Dumble,  296. 

Llano  and  Burnett  quadrangles:  I*aige, 
817. 

Oil  and  gas  fields.  Wichita  and  Clay 
I'ountles:  ITddon,  1119;  Udden 
and   PbllllpH.    1121. 

OH  fields:  Hornaday,  408. 

Sulphur,   Culberson   Co. :    PhllllpH,  K.'>4. 

Sulphur    and    sulphur    oil    deposltH    of 
Coastal   Plain  :  Lucas,  «<»4. 
Phif8io{fraphic. 

Llano  and  Burnett  quadrangles  :  Paige, 
817. 
titrotiffraphlc. 

Llano  and  Burnett  quadrangles : 
Paige.   817. 

Oil   and  gas   fleldH,   Wichita   and   (May 
Counties :    Udden    and    Phillips, 
1121. 
Paleontology. 

Cockroaches:   Cockerell,  212. 

CotyloKaurla  :  Case,   175. 

Dlplocaulla  :   Moodle.  773. 

DIplocauluH  :    Huene,  521. 

Kryops  :    Huene,  TiL'O. 

Mesozolc  flora :  Berry,  70. 
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TezMi — Continued. 

Paleontology — Continued. 

PantyluB  cordatus :  Mehl,  740. 
Porocystis  pruniformis :  Bdhm,  89. 
Petrology. 

Llano  and  Burnett  quadrangles  :  Paige, 
817. 
Underground  water. 

Southwest  Texas :  Madison,  713. 
Teztbookt. 

Dana's  Manual   of  mineralogy :    Ford, 

335. 
Erklftrende    Beschrelbung    der     Land- 

formen :  Davis,  270. 
Examination    of    prospects :    Gunther, 

408. 
Guide  to  minerals :  Gratacap,  394. 
Mineralogy:     Phillips,     852;     Rogers, 

921. 
Practical  field  geology :  Farrell,  319. 
Syllabus    of   historical    geology :    Gra- 

bau,  388. 
United    States,    geology :    Blackw  elder, 
76. 
Tin. 

QeneraU 

Genetic    relations :    Slngewald,    987. 
Geologic    features :     Ferguson     and 
Bateman,  322. 
Alaska,  Seward  Peninsula  :  Smith,  999. 
New  Brunswick  :  Brock,  108. 
Nova   Scotia :   Piers,  858. 
South   Dakota,  Black   Hills:  Alder,  7. 
United  States:  V.  S.  G.  S.,  1127. 
Titanium.     See  also  Rutile. 

United  States:  U.  S.  G.  S.,  1127. 
Titanotheres   from   the   Uinta   formations : 

Ulggs,   917. 
Topas. 

New  Brunswick  :  Brock,  108. 
Trachodon :   Osborn,  812. 
Trail   Creek   coul   tield,   Montana :    Calvert, 

158. 
TriaMic. 

Stratigraphy. 

Alaska:  Martin,  720. 

Gulkana-Susitna  region  :  Moffit,  7H9. 
Iliamna    regrlon :    Martin    and    Katz, 

721. 
Porcupine  to  Arctic  boundary  :  Mad- 

dren,  712. 
southeastern  :  Atwood,  29. 
Alberta,   Roche   Miette   area  :   DowHhk, 

285. 
British    Columbia.    Vancouver    Island : 

Clapp,  182. 
Connecticut :   Lull,  688. 
Coral   reef.s:    Smith.   99r». 
New   Mexico,   northern  :    Wllllston    and 

Case.    1210. 
North  America:  Wlilli*.  1212. 
North      Carolina.      Dan      Klver     flold : 

Stone.  1046. 
Tennsylvanla  :   Wherry.   1188. 

eastern,  sun-crack  structure  :  Wherry, 

1189. 
Newark  group:  Wherry,  1191. 
South  Mountain :  Eaton,  303. 


Triaislo — Continued. 

Stratigraphy — Continued. 

South    Dakota,    Black    Hills:    Stone, 

1045. 
Utah.  Park  City  district :  Boutwell,  92. 
San  Juan  oil  field:  Woodruff.  1243. 
Virginia,   Richmond  coal  field:   Berry, 

72. 
Wyoming.  Black  Hills :  Stone.  1045. 
Douglas    oil     field.     Converse     Co. : 
Jamison,  539. 
Yukon,  Porcupine  to  Arctic  boundary : 
Maddren,  712. 
Paleontology. 

Alaska,  southeastern :  Atwood,  29. 
Arctic    regions.   Eureka   Sound :    Klttl, 

590. 
Connecticut:   Lull,  688. 
Coral  reefs:  Smith,  995. 
Distribution,    lower    Triassic    faunas: 

Smith.  994. 
Pennsylvania :  Wherry,  1191. 

silicified  wood :  Wherry.  1190. 
Utah.    Park    City    district:    Boutwell, 

02. 
Virginia.  Neocalamites  from  Richmond 
coal  field :  Berry,  68. 
Trilobltei.    ^'ee  also  Crustacea. 
Asaphidsp :  Raymond,  889. 
British  Columbia,  Cambrian  :  Walcott, 
1145. 
Ordovician  :  Walcott,  1146. 
Cambrian:   Walcott,   1144. 
Olenopsis,  Cambrian:  W'alcott,  1147. 
Ontario,  Ottawa  :  Narraway,  790. 
Trinidad. 

(tcnrrni:  Guppy.  411,  413. 
Economic. 

Asphalts  :  Richardson,  907. 
Dynamic  and  structural. 

New    Island,    formation    of :    Anderson, 
16;  Bosworth,  91. 
Stratigraphic. 

Caroni   series.   Savaneta :   Guppy,   414. 
Paleontology. 

Caroni  series,  Savaneta  :  Guppy,  414. 
Eocene  Molluscs  :  Maury,  736,  737. 
Sprlngvale  fossils:   Guppy,  409.  410. 
Tungsten. 

General. 

Occurrence  :  Morris,  781. 
Colorado,     Boulder    Co. :     Greeuawalt, 

396. 
New  Mexico.   Burro  Mountains:   Paige. 

820. 
Nova  Scotia  :  McCallum.  692. 
rnlted   States:  U.  S.  G.  S..  1127. 
Tuolumne  Table  Mountain  :  Ix)cke,  675. 
Turtles.     Sec  Keptllla. 
Types,   nomenclature:    Hurling.    136. 
Tyrannosaurus  :  O.sborn.  811. 
Unconformities. 

Chattanooga  shale,  l>ase  in   Kentucky  : 

Kindle,  .'»82. 
Dynamic    relations    and    terminology : 

Crosby,  2:\:k 
Iowa  :  Devonian-Carboniferous  :  Keyes, 
578. 
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U)M«Bf ormitlef — Con  tinued. 

Ohio,      Bedford-Berea      disconformity : 

Prosser,  871. 
Quebec,  Oaspe  County :  Clarke,  109. 
SUarian-DevoDlan,    Ontario :    Stauffer, 

1024. 
Jfmdimegrouad    water     (general).     See    al»o 

Geysers ;        Mineral        waters : 

Springs;  Thermal  waters.     For 

regional  see  names  of  lUtates. 
Domestic  water  supplies  for  the  farm  : 

Fuller,  345. 
Upper  Silurian.     See  Silurian. 
VraBinm. 

United  States:  U.  S.  G.  S.,  1127. 
Vtah. 
Oeneral. 

Marsh     gas,     near     Moab :     Woodruff, 

1244i 
Bconomic.       ' 
Alnnite   near    Marysvllle :    Butler   and 

Gale,  141. 
Blacktall  Mountain  coal  field,  Wasatch 

Co. :  Lupton.  690. 
Deep  Creek  district,  Vernal  coal  field. 

Ulnto  Co. :  Lupton,  689. 
Green    River   oil    field :    Knight,    593 ; 

Anon.,  1271. 
Nitrate  deposits :  Gale,  348. 
Park  City  district:   Boutwell.  92. 
San  Juan  oil   field :   MacDonald,   702 : 

Woodruff,  1243. 
Union    Chief    and    Santaquin    mineH : 

Higgins,  461. 
Dynamic  and  slruvtural. 

Bannock     over  thrust :     Richards     and 

Mansfield,  903. 
Basin-range  structure.  Cricket    Range : 

Burling,  134. 
Physiographic. 

Peneplain,  Tertiary:  Umpleby,  112."). 
Stratigraphic. 
Blacktall  Mountain  coal  field.  Wasatch 

Co.  :  Lupton.  690. 
Deep  Creek   district,   Uinta  Co. :    Lup- 
ton, 689. 
Park  City  district :  Boutwell.  92. 
San  Juan  oil  field  :  Woodruff.  1243. 
San  Rafael  Swell :  Lupton.  691. 
Shinarump  section  :   Lawson,  640. 
Tushar    Range,    geology :    Butler    and 

Gale,  141. 
Uinta  formations  :  Rlggs,  917. 
Paleontology. 

Eocene    titanotherold  from  Ulota  basin  : 

Gregory.  390. 
Tertiary  fresh-water  Mollusca  :  Hanni- 
bal,  427. 
Titanotheres,  Uinta  formations :  Rlggs, 

917. 
Mineralogy. 

Aluminum  arsenate  :  Clarko.  197. 
Beaver  Co. :  Schaller.  936. 
Selenlte  crystals :  Talmage.    1062. 
Vartscite:  Schaller,  940.  941. 

8172'— Bull.  545—13 11 


Utah — Continued. 
Underground  water. 
Ground  water,  Juab,  Millard,  and  Iron 
_^^___^      counties  :   Melnzer,  742. 
\/  Valdez    gold-mining    district,    Alaska: 

Storm,  1050. 
y&lleyt. 

Oeneral:  Tyrrell,  1116. 
Origin:  Purdue,  880. 
Yosemite   and    Hetch   Hetchy   valleys: 
Matthes,  728. 
Vanadium. 

General:  Watson,  1163. 
Colorado,  southwestern :  Thomas.  1078. 
United  States:  U.  S.  G.  S.,  1127. 
Vermont. 
General, 

Report     State     geologist,     1911-1912: 
Perkins,  844. 
Economic, 

Marbles    of    western    Vermont :    Dale, 

260. 
Mineral  resources :  Perkins,  846. 
Green  Mountain  region  :  Perkins,  846. 
Stratigraphic. 

Albany  terranes :  Richardson  and  Col- 
lister,  005. 
Craftsbury  terranes :  Richardson,  904. 
Green  Mountain  region :   Perkins.  845. 
Irasburg  :  Richardson  and  Conway,  906. 
Ordovlcian   outlier   In   Sudbury :   Dale, 
251. 
Vernal  coal   fields,  Uinta  Co.,  Utah :   Lup- 
ton, 689. 
Vertebrata  (general).     See  also  Amphibia; 
Aves ;  Mammalia  ;  Pisces ;  Rep- 
tilia. 
Oeneral:  Sinclair,  982. 
Canada  :  Lambe.  626. 
Eryops  and  origin  of  limbs :  Gregory, 

401,  402.  403. 
Evolutionary       evidences :       Williston, 

1213. 
Nebraska,  Sioux  County :  Cook,  224. 
Permian :   Hay,  4.39. 
Ten     years'     progress     in     vertebrate 
paleontology :  Bassler  et  aU,  53. 
Virginia. 
Oeneral, 

Report     State     geologist,     1910-1911 : 
Watson,  1160. 
Economic. 
Coastal  Plain:  Watson,   1161. 
Salt  and   gypsum  deposits,   southwest- 
em  Virginia :  Stose,  1057. 
Zlrconlferous       sandstone.       Ashland : 
Watson  and  Hess,  1165. 
Physiographic. 

Coastal   Plain  :  Clark  and  Miller.   192. 
New      River      district.      Mississippian 
delta :  Branson,  103. 
Stratigraphic. 

Coastal     Plain     geology :     Berry,     67 ; 

Clark  and  Miller,  102. 
Mississippian  delta :   Branson,  103. 


162  BIBLIOGRAPHY  OF   NOBTH  AMERICAN   GEOLOGY,  1912. 


YiiirlBia — Continued. 

StratUfraphic — Continued. 

OiNmdago  formation :   Kindle,   581. 
Richmond  coal  field  shales,  age :  Berry, 
72. 
Paleontology. 

Neocalamltos  from  Richmond  Trlasslc: 

Berry.  «8. 
Pleistocene   plants   from    Blue   Ridge: 
Berry,  71. 
Mineralogu. 

Turquoise,  crystallized:   Schallcr,  036, 

038. 
Yoloanio  ash. 

Alaska.  Kodlalc :   Fry.   342. 

Seward  I»eninsula  :   Smith,  1000. 
Volcanic  rocks.     Sec  Igneous  and  volcanic 

rocks. 
Yolcanlsm. 

Brun's  new  data:   Wlnchell,   1223. 
▼oleanoet. 

Alaska,  Katmai  eruption:  Clark,  180; 

Dalley,  240 ;  Anon.,  1273. 
Costa  Rica,  Reventado :  Tristftn,  1101. 
G>ruptlons.  1011 :  Reid,  804. 
Hawaii:     Jaggar,    538;     Komorowicz, 
606. 
Kllauea :  Tenck,  841. 
Volcanic   craters  and   explosions :    An- 
derson.  18. 
▼olcanoes,  extinct. 

New  Mexico,  northeastern :  Lee,  050. 
Wardner    district,     genesis    of    lead-silver 

ores :   Ransome,  885. 
Washington, 
Ocneral. 

St.     Helens    mining    district:     Zapffe, 
1201. 
Economic. 

Cool    fields    of    King    County :    Kvans, 

313. 
Index   mining  district :    Weaver,    1168. 
Nickel  In   San  Poll  district:  Bancroft, 

44. 
Roslyn  coal  field :  Daniels,  250. 
St.    Helens   mining  district:   Wlnchell, 
1226. 
Dynamic    and    structural. 

Glaciers  of  Mt.  Rainier:  Matthes.  720. 
Phy&ioyraphic. 

Eastern     Washington :     Ilershey,    440, 
451. 
Stratigrnphic. 

Index   mining   district:    Weaver.    11G8. 
King  County:    Evans,   313. 
Tertiary,  western  Washington  :    Weaver, 
1109. 
Paleontology. 

Tertiary,  freshwater  Mollusca  :   Hanni- 
bal, 427. 
western   Washington:   Weaver,  1109. 
Petrology. 

St.     Helens     niinin^'    district:     Zapffe, 
1261. 
Mineralogy. 

Ferrltungstlte :   Schaller,  930,  937. 


Water,     undergronnd.       See     Undersromid 

water. 
Well  records.     See  Borings. 
West  Indies  (general).     See  aleo  names  of 

islands. 
Ocneral:  Wall,  1156. 
West    Kootenay,    British    Columbia:    Drys- 

dale.  280. 
West    Shiningtree    gold    district:    Stewart, 

1040. 

West  Virffinla. 
Economic. 

Doddridge     and     Harrison     counties: 

Hennen,  447. 
Pawpaw    and     Hancock    quadrangles: 

Stose  and  Swartz,  1058. 
Southern  part  of  West  Virginia :  l»ar- 
sons,  833. 
Physiographic. 

Doddridge     and     Harrison     counties : 

Hennen,  447. 
Kenova  quadrangle:  Phalen,  850. 
I*awpaw    and    Hancock    quadrangles : 
Stose  and  Swartz,  1058. 
Stratigraphic. 
Doddridge  and  Harrison  counties :  Hen- 
nen, 447. 
Kenova  quadrangle :  Phalen.  850. 
Onondaga  formation :  Kindle.  581. 
Pawpaw    and     Hancock    quadrangles: 

Stose  and  Swartz,  1058. 
Red  beds:  Bcede,  62. 
Paleontology. 

Ames  limestone  fossils :  Beedc,  61. 

Wheaton  district,  Yukon :  Calrnes,  149. 

Wheaton  quadrangle,  Illinois :  Trowbridge, 
1104. 

Wind  River  region,  Fremont  and  Natrona 
counties,  Wyoming :  WoodruflC 
and  Winchester,  1246. 

Wind  work. 

Peueplanatlon  In  arid  regions :   Keyes, 

573. 
Plateau  plains :  Keyes,  574,  579. 

Wisconsin. 
Ocneral. 

Report  of  Survey :  Birge,  74. 
Economic. 

Zinc  deposit,  new  type :  Cox,  230. 
Physiographic. 

Sandstones,      Lake      Superior      coast : 
Thwaites,  1085. 
JStratigraphic. 

Green  Lake  County  :  Alden,  6. 
Sandstones,      Lake      Sui)erior      coast : 
Thwaites,  1085. 

Wolframite.     See  Tungsten. 

Worcester  phylllte,  age  :  White,  1194. 

Wyoming. 
General. 

Glacial  deposits  east  of  Cody :  Sinclair. 

984. 
Yellowstone  National   Park,  geological 
history  :  Hague,  417. 
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Vfjnmdmig — Contlnaed. 
Boomomie. 

Black  HIllB  region :  Stone,  1046. 

Cam!>ria  coal  field :  SimmonB,  980. 

Dooglaa  oil  field,  Converse  Co. :  Jami- 
son, 630. 

Little  Powder  River  coal  field:  Davis, 
209. 

Lost  Spring  coal  field.  Converse  Co. : 
Winchester,  1231. 

Muddy  Creek  oil  field,  Carbon  Co. : 
Jamison,  639. 

Nitrate  deposits :  Gale,  348. 

Potash-bearing  rocks,  Leucite  Hills. 
Sweetwater  Co. :  Schultx  and 
Cross,  967. 

Powder  River  oil  field :  Wegemann, 
1178. 

Salt  Creek  oil  field.  Natrona  Co.  : 
Jamison,  540. 

Sheridan  coal  field :  Simmons.  981. 

Spring  Valley  oil  field  :  Merrill,  748. 

Sussex  coal  field,  Johnson,  Natrona, 
and  Converse  counties :  Wege- 
mann, 1 1 79. 

Wind  River  region  coal  fields,  Fremont 
and    Natrona    counties :    Wood- 
ruff and  Winchester,  1246. 
Dpnomic  and  BtructunU. 

Gros  Ventre  slide :  Blackwelder,  78. 

Yellowstone  National  I^ark,  silica  and 
lime  deposition  :  Darton,  262. 
Phjfaioffraphio, 

Cenosoic  history  of  central  Wyoming : 
Baker,  40. 

Cody  region  :  Sinclair,  983. 

Natural  bridges  in  eastern  Wyoming : 
Barnett,  46. 

Wind  River  Mountains :  Westgate  and 
Branson,  1184. 
Stratigraphio, 

Bighorn  basin :  Sinclair  and  Granger, 
985. 

Black  Hills  region :  Stone.  1045. 

Cody  region  :  Sinclair,  983. 

Douglas  oil  field.  Converse  Co. :  Jami- 
son, 530. 

Little  Powder  River  Coal  field  :  Davis, 
269. 

Lost  Spring  coal  field.  Converse  Co. : 
Winchester,  1231. 

Muddy  Creek  oil  field.  Carbon  Co. : 
Jamison,  539. 

Powder  River  oil  field :  Wegemann, 
1178. 

Salt  Creek  oil  field,  Natrona  Co.: 
Jamison,  540. 

Sussex  coal  field,  Johnson,  Natrona, 
and  Converse  counties :  Wege- 
mann, 1179. 


WyomiBt — Continued. 
Btratigraphio — Contlnoed. 

Wind    River    region    coal    fields,    Fre- 
mont   and    Natrona    counties: 
Woodruff  and  Winchester,  1246. 
Paleontologif. 

Jurassic  frog:  Moodie,  776. 
Jurassic  plesiosaurs:   Mehl,  741. 
Trachodon  integument:  Osborn,  812. 
Wood,     fossil,     Yellowstone     National 
Park:  Platen,  863. 
Mineralogy. 

Lorandite,  Rnmbler  mine:  Rogers,  923. 
Sheridan  County :  Wolff,  1237. 

Tellowstons  Vational  Park. 

Geological  history:  Hague,  417. 
Geysers:  Weed,  1172. 
Silica    and    lime    deposition :    Darton, 
262. 

Yentna  district,  gold  placers:   Capps,   171. 

Yosemite  Valley:  Matthes,  728. 

Yucatan :  Huntington,  624. 

Yukon. 
Oeneral, 
Geology  of  boundary  between  Porcupine 
and  Yukon  rivers :  Cairnes,  160. 
Economic, 

Coal  fields :  Denis,  277. 

Klondike  district :  Cairnes,  161. 

Ore      and      coal -bearing      formation : 

Cairnes,  166. 
Placer  deposits:  Tyrrell,  1116. 
Wheaton  district:  Cairnes,  149. 
Phyaiographic. 

Differential  erosion  and  equiplanation : 
Cairnes,  163. 
Stratigraphio, 

Orange  group :  Cairnes,  164. 
Wheaton  district:  Cairnes,  149. 

Zino, 

Colorado,  Leadville :  Butler,  144. 
Montana,  Butte  district :  Weed,  1171. 
New  Mexico,  Magdalena  district :  Tut- 

tle,  1113. 
New  York  :  Newland,  798. 
Oklahoma,    Miami   district:    Chapman, 
180. 

northeastern  :  Snider,  1005. 
Quebec:  Denis.  278. 
Tennessee,  northeastern :  Purdue,  878. 

northern  :   Purdue.  879. 
United  States :  U.  S.  G.  S.,  1127. 
Utah,  Park  City  district :  Boutwell,  02. 
Wisconsin:  Cox,  230. 

Zircon. 

United  States :  U.  S.  G.  S.,  1127. 
Virginia,   Ashland :   Watson  and   Hess, 
1166. 
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Abrafllves.   1127. 

AdamelHte.   127. 

Akerlte,   51. 

Alasklte,  680. 
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Fuller's  earth,   102. 
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Gabbro  aplite,  627. 
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Illnsdalite,  634,  036. 

Hypcrsth'ene  quartz  dlorltc,  127. 
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Nephelite,  332. 
Neponsetose,  51. 
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Ophite.  627. 
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Peat.   1161. 
Perthlte.  1200. 
I»etroleum.   1127.   1178. 
Phosphate  rock.  025. 
PlafpioclaM.  027. 
Plumbojarosltc,  036. 
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Porphyrite,  127. 
Porphyry.   1166. 
Potash.  1127. 
I*yromorphite,  925. 
Pyrophyllite,  1106. 
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Quartz  dlorito,  02.  055. 
Quartz  diorlte  porphyry,  02. 
Quartz  porphyry.  137.  027. 
Quercylte.  0.36. 
Rhyollte,  51,  1171. 
Rhyollte  porphyry.  1171. 
Rutile.  1163.  1160. 
Rutile  mlneralH,  0.30. 
Ralmonslto,   939. 
8and,   1127,   1101. 


Sandfltono,  027.  «71,  1085. 

Sapphirine.    1150. 

Schl8t.    1100. 

Si'dlmentary   rockB.   avprai?«».   195. 

Seladonite,  004. 

Srrpontine,  323.  8.S0. 

Shale,  84,  738.  010.   1145. 

Sherldanito,   1237. 

ShoHhonoHo,  51. 

Slcklorlte.  939. 

SInto,   757. 

SphprulltP,   027. 
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Strflvrritp.    030. 

Syrnlto,    127,    0."»5. 

Taconltp,   1200. 

Totrahedrlto,  02. 

Thaumaslto.    0.30. 

Tourmaline,  044. 

Troetolyto,  027. 

Tuff.  045. 

TuniuolRp,  030,  0.38. 

rmptokoso,  51. 

VariRcite.   030,    040. 

Voolckcrlte.   025. 

Water,  10.3,  340,  571,  1117. 
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Wlndsorlto,    127. 

WolIa«tonltP,  027. 

Wyomlte,  057. 

Zinc,   1127. 
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Beryl.  374. 

BlotitP,  374,  8S0. 

Bliimuth   ocher,  976. 

ralamlup,  374. 

Camptonltp.  540. 

Carphoslderltc.  088. 

Cement.  433,  437. 

Chnbazltp,   374. 
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Cyanite.  374. 
Datolite.  1232. 
Deweylite,  3.74. 
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Diatom  depoKlt,  .300. 
Dolomite,   184. 
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KKHPxIte.  540. 
FerrltiinRRtitp.  077. 
FliiorRpar.  108.  312. 
Garnet.  374. 
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(tranophyre.  517. 
(JraphltP  ore.  231. 
(Ireenalite,  1132. 
(IrilniTltP  inaKnetite  schist.  1132. 
(Jypsltp,  500. 
(;ypsiim.   104,  250.  437. 
Illnsdallte.  005. 
Ilornblendp.  880. 
Ilornhlenditp,  540. 
Howlltp.  357. 

Iron   ore.  48,   84.   200,   285.   202.  320.   307, 
481.  010.  088.  080.  835,  1025,  1132. 
.  I^pldomclane.  374. 
Lignite,  47,  805. 
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Mud.  1144. 
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Natramblygonltc,  975, 
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Nephelite,  390,  981. 
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Ocher,  481. 
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Olivine  diabase.  517. 

Orthoclase,  374,  889. 

I'earclte,  1135, 1137. 

Pegmatite.  1095. 

Perldotite,  206. 
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Phosphate  rock,  407. 

Piedmontite,  374. 

Plmellte.  374. 

Platinum  oro,  204. 

Plumbojaroalto,  179. 

Polybaslte.  1135. 

Prehnlte.  374. 

l»rochlorlte,  374. 

Pyromorphit**.  374. 

Pyroxene,  374. 

Quartz  diabnso,  517. 


Quartz  gabbro,  517. 

Quartz  monzonite.  302. 

Quartzite.  1132. 

Rhyolite.  461,  1114. 

Rock  salt,  122. 

Salt  brines,  274. 

Sand.  250. 

terpentine,  285,  374,  481,  1114. 

Scheelite.  374. 

Shale,  437,  573,  781,  941,  1036. 

Slderite,  48. 

Slate.  348,  1132. 

Sodallte,  8. 

Stibiotantallto.  392. 

Stilblte.  374. 

Strflverlte,  492. 

Syenite.  794. 

Taconlte,  1132. 

Talc,  374. 
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Tetrahedrlte,  550. 

Thaumasite,  177. 

Thomsonite,   208. 

Tourmaline,  374. 

Tuff,  337,  1024. 

Turglte,  374. 
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Adularla.  027. 
AgalmatoUft'.   J>27. 
Anal  cite.  331. 
Anglesite.  92. 
Anhydrite,  550,  024. 
AnorthltP.  95. 
Antlerit*',  030. 
Apatite.  208.  027,  036. 
Arajronitc.  G30. 
Arjjontlto,  208. 
AUKltc.  027.  030. 
Aurkhahltr.  027. 
Anr<»l)lsmuthlnitt>.  G04. 
Axlnlto.  027. 
Aziirlto.  !»2,   >=<;i."i. 
Bn<ld«'loylt.'.  1»22. 
Harlii.Tlte.  O.'iO.  043. 
Rarltc.  20M.  UTl. 
Boavorite.  030. 
Blndheimlte.  02. 
Bora<'lt«',  8.~». 
Bornite.  1171. 
Bowlingltc,  1230. 


Brifholite.  85. 
Broehantite.  027. 
Cacoxenito.  208. 
Calamine.  835. 
Calcito.  298,  627. 
rallfornitP.  027. 
CarnoglMte,  95. 
Carnotlto,  lls7. 
Carphoslderlto.  036. 
rnsBiterlto.  030. 
Ccrarpyrlte.  208. 
(NTuIoitc,  107. 
CVruHite.  02. 
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(Ml  loll  to,  SO. 
Chlorite,  1237. 
Chrysoberyl,  1100. 
Cinnabar,  11,  2n.s. 
('ollophanlte.  025,  0.36. 
Corollitt'.  1171. 
Corkito,  936. 
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CrocldoIIte.  927. 
Cryolite,  86,  86. 
Cryollthionite,  86. 
Cuprite.  1171. 
Cuprodegclolzlte,  036. 
Cyanltc,  1166. 
Dablllte.  925. 936. 
Datolite,  627. 
Dewey  lite.  927. 
Diamond,  556. 
Duraiij^Ite.  107. 
Rmbollte.  29K. 
Enan?lte.  1171. 
Epidote.  627. 
Feldspar.  627. 
FerrltunRntltp.  0.*in,  937. 
FInorite,  87.  92,  627. 
Francollte.  0.30. 
Galena.  92.  298. 
Oamet,  219. 
Oearkautlte.  86. 
Olauconite,  1230. 
Gold,  298. 
Gold,  native.  1162. 
Gofllarlte,  1171. 
Goyaxlte.  936. 
Oreenalite.  1230. 
Oreenocklte.  11. 
Gypsum,  600.  024. 1134. 
Ilalloyslte.  927. 
Ilamllnite.  936. 
Hematite,  1166. 
IIlDHdallte.  634.  0.36. 
Howllte.  200. 
HObnerlto.  208. 
Hydrozinclte.  027. 
Ilmenlte,  1156. 
Ilmenorutile,  0.36. 
lodyrlto.   208. 
Jameaonlte.  02. 
Jaroslte,  208,  027. 
Kalinite.  027. 
Kflmmererlfe.  027. 
Lapis  lazuli,  027. 
Laumontite,   627. 
I^zullte.  927.   1166. 
Lead,  927. 
LImonlte,  02.  1171. 
Llskeiirdlte.  107. 
Lornndlte.  023. 
Ludwlgite.  027. 
Malachite.  02. 
Manganite,  208. 
Manpanoralelte,   208. 
Marcaslte,   12.  0:n.   1171. 
Massicot.  02. 
Metaclnnabnr.  11. 
Metaclnnabarite.  027. 
Mica,  627. 
MIcrollte.  027. 
Mimeteslte.  835. 
Mlmetlte.  02,   604. 
Molybdenite.  1171. 
Mosesite,  036. 
Natramblygonite.  036. 


Natrojarosite,  604. 

Neocolemanlte.  299. 

Xepheline.  942. 

Nephelite,  95.  382. 

Olivine,  627. 

Opal,  298.  613. 

Orthoclase.  020,  Of.O. 

racbnolite,  86,  87. 

Palaite,  939. 

Parlsite.  824. 

Perovsklte,  35. 

Pb.irmnco.siderite.  298. 

Piedmontlto.  027. 

inttlcite.  027. 

PIuml)oJaro8ite,  0.36. 

Podolite,  025,  036. 

Polybasite,   208. 

Pryochlore,  027. 

Psoudomalachite,  298. 

Psilomelane,   208. 

I»yrarjryrite,  208. 

I»yrite,  12.  02.  208.  0.3.3,  1171,  1199,  1263. 

Pyrolusite.  02.  208. 

Pyrophyllite.  027.   1100. 

Pyroxene.   1100. 

Pyrrhotite.  12.  0.33. 

Quartz.  02.  208,  027,  864. 

Quercyite.  036. 

Ralstonite.  86. 

Rliodochroslte.  208. 

Rhodonite,  1171. 

Rutile.  1156,  1166. 

Rutile  minerals.  0.36. 

Sal-ammoniac.  027. 

Salmonsite,  030. 

Saponite.  12.30. 

Sapphirine.   11.16. 

Schemikite.  710. 

Schulite.  602. 

Scorodite.  027. 

Seladonlto.  604. 

Seb-nite.  1002. 

Sherldanite.   1237. 

Sirklerlte.  0.30. 

Sillimanitc.   1102. 

Silver.  208. 

Spocularite,  02. 

Sphalerite,  11,  02.  208.  1171. 

Splnol.  02. 

Stelznorlte.  030. 

St.'wartlt*'.  0.30. 

Stibiobismuthinlte.  604. 

Stlbnito.  ruiH, 

Strilvorlte.  0.36. 

Synchislte.  824. 

Tefrahedrito.   02.    1171. 

Tbnilte.   12.30. 

Thaumaslte,  030. 

Thomsenolito,  80,  87. 

Topaz.  5.10. 

Tourmalino.  044.   1227. 

Tridymlte.  027. 

Troll  Ito,   12. 

Turrjuoiso.  820,  036,  038. 

Utahite.  0.30. 
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ValenciaDite,  927. 
Valentinite,  927. 
Vanadinito.  835 
VarlBcite,  936,  940.  941. 
Vesuvlanlte,  92. 
Vlridlte,  627. 
Voelckerlte,  925. 


Wavollite.  298. 
Wlnchellltp,  719. 
Wollastonlte,  627. 
Wurtzite.  11. 
Wolframito,  298. 
Wulfenlte,  298. 
Wurtzlto,  936. 
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Allanite,  374. 
Allophane,   374. 
Alunogen,   374. 
Amphibole.  374. 
Apatite.  374. 
Apophylllte,  374. 
Australite,  767. 
Autunite.  374. 
BaHte,  374. 
Beryl.  374^ 
Bindbelmlte.   374. 
Beaverltc,   178,   179. 
Beryl,  80,  1232. 
Blllitonlte,  767. 
Biotlte,  374,   R74. 
Blsmuthlnlte.  374. 
Blsmutite.  374. 
Bornlte,  374.  663. 
Bournonlte,  374. 
Brttholite.  114. 
Calamine,  374,  874. 
Cancrinite,  374. 
Carnotlte,  374. 
Celestlte,  374. 
Ceruslte,   374,  5.34. 
Chabazlte,  374. 
Chalcanthlte,  374. 
Chalcoclte.  374.  663. 
ChondrodltP,  374. 
Cllnochloro,  374. 
Coleraanite.   357. 
CoUophanlte,  986. 
Columblte,  374,  492. 
Corkite.   170. 
Covolllte,  947. 
Cuprodesclolzite,  975. 
Cyanlto,  374.  1179. 
Dahlllte,  986. 
Datollte,  12.32. 
DeHclolzlte,  374. 
Dewoyllte.  374. 
Eglestonltp,  948. 
Emerald.  80. 
Enarglte,  999. 
Epidote,  374. 
EpHomito,  374. 
Erythrlte.  374. 
Evanslte.  224. 
Euxenite.  374. 
J^amatinlto,  999. 
Feldspar.  1095. 
I'Vrritungstlte.  977. 
Fluorltp,  374,  770. 


Francollte,  986. 
Gadolinitc,  374. 
Galena,  374. 
Galenlte,  876. 
Garnet,  374. 
Genthite,  374. 
Glockerito.  374. 
Gold,  439,  876. 
Goldfipldltc,  999. 
Graphite,  1143. 
Gummite,  374. 
Ilerderlte,  391. 
IleteroHlto,  982. 
Ilinsdalite,  665. 
Ilowllte,  357. 
HydromagneRite,  374. 
Lantbanite.  374. 
lA>pidomelane.  374. 
Limonite,  374. 
Marcaslto,  1218. 
Mica.  80.  874. 
Microcline,  374. 
MIsmlte,  976. 
Moldavito,  707. 
Molybdenite.  374. 
Molybdite.  374. 
Monazite,  374. 
Muscovite,   80.   374. 
Nfttramblyponitp.  975. 
Natrolitc.  374. 
Noocolemanltf.   .''.')7. 
NVphelito,   .SOO,  <>81. 
Obsidlanlte,  767. 
OIIfl:ocla.«ie,  "574. 
Orthoclnsp.  374.  O.'O. 
Penrolte.   11. ^.'S.    1137. 
PectoUte.   374. 
ret  zite,  329. 
rhiogoplte.  874. 
riedmontlte,  374. 
IMraellte.  374. 
I'lumbojnrosite,  179 
Polybaslte,   1135. 
Piehnite,   374. 
Proc'hlorlte,   374. 
pHlIomelane.    374. 
Pnrpnrltp.  982. 
Pyrlto.   870.   1218. 
Pyromorphlte.    123,   374. 
I»yroxene,  374. 
Pyrrhotlte.    371.    1034. 
Quartz.  80.  770. 
Raspitc,  1233. 
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Rhodonite,   303. 
Rhyolite,   374. 
Rotile,  874.  1179. 
Sahlite,  374. 
Bcheelite,  374. 
Serpentine.  374. 
Slderite.  374.      * 
Smithsonlte,  374. 
Spbnlerite,  374. 
Spodumene,  492. 
Stlbiotantalite.  392. 
StUbite,  374. 
Stllpnomelane,  374. 
Strflverlte,   492. 
Talc.  374. 
Tetrahedrlte.  374. 
Thaumaslte,  177. 
Thomsonlte,   208. 


TopaJK,  80.  374. 
Torbernlte,  374. 
Tourmaline,  80,  374. 
Turglte,  374. 
I'urquolHe.    979. 
T'ranlnlte,  374. 
l.'ranophane,  374. 
Valcnclanlte,    950,    1232. 
Varlsclte,  985. 
Wavclllte,  374. 
Wernerlte,  374. 
Wurtzlte,   179. 
Xenotlme,  374. 
Zaratlte.  374. 
Zeolite,   374. 
Zlnclte,   863. 
Zircon,    374. 
ZolsHc,   374. 
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Adamelllte,  127. 
Alasklte,    080,    1037.    1171. 
Alasklte  porphyry.   1037. 
Albite  dlorlte.  594. 
AmphiboUte,  817. 
Amphlbolite  schlBt,  817. 
Andeslte,    51,    92,    450. 

1261. 
Andeslte  porphyry,    1168. 
Andeslte  tuff.  92. 
Apllte,  127,  1171,  1261. 
Auganite,  1224. 
Auglte  dlorlte,  594. 
Auglte  lamprophyre,  123. 
Auglte  porphyrlte,  655. 
Auglte  trachyto,  655. 
Basalt,  39.  1261. 
Blotlte  granite,  10.'i7. 
Diabase,  51,  127,  627. 
Dlorlte,  92,  127,  817,  1261. 
Dlorlte  porphyry.  92,  594. 
Dolomite,  6S0, 
Epldote  gneiss.  680. 
Fanglomerate.  639. 
Feldspar  porphyry,  123. 
Feldsparphyre.  627. 
Felslte,  627,  817. 
Oabbro,  680,  765.  817. 
Oabbro  apllte.  627. 
GnelsH,  680.  S.-^O.  114;{,   1166. 
Granite.  51.  617.  76.'.  817,   1171 
Granite  gneiss,  680. 
(;ranodlorlto,  1168. 
Oranophyre.  627. 
Greenstone.   12.S0. 
Hornblende  schist,  680. 
Ilornblendlte,  12.1. 
Kallerudose,  51. 
Keratophyre,   627. 
Kersantlte.  127. 
Kinzigite,  680. 


832,    10.37,    1171, 


Lassenose,  51. 
Lava,  51. 
Limestone,  839. 
Llparoso,  51. 
Melaphyre,  627. 
Mica  schist,  817. 
Mlcropegmatlte.  627. 
Mlnette,  617. 
Monzonlte,  1171. 
.Vephelltp.  94. 
.Norlte.  127. 
Noyangose,  51. 
Obsidian,  627. 
Olivine  diabase,  1168. 
Ophite,  627. 
Pegmatite,  617, 
rentes,  617. 
IVrldotite,  92. 
rorphyrite.  127,  627. 
Porphyry.  627.   1166. 
pRnmniltes,  617. 
Psi'phltes,  617. 
Pulasklte  porphyry,  655. 
Quarts,   1171. 
Quartz-blotlte  schist,  680. 
Quartz  dlorlte,  92. 
Quartz  dlorlte  porphyry,  92, 
Quartz  porphyry,   1().'?7. 
Quartzlte.  680. 
Quartzophyre.  627. 
Khyollte,  4.-»0.  627.   1171.' 
Uhyollte  daclte.  1171. 
Khyollte  porphyry.  1171. 
Schist.   817.    1166. 
Serpentine.    123,   1230. 
Syenite.    127. 
ToscanoK*'.    51. 
Trachyte.  627. 
Tuff.    627. 
rrbalnlte.    1156. 
Wlelandlte,   778. 


170  BIBUOGEAPHY  OP   NOBTH  AMEBICAN   GEOLOGY,  1912. 

mOOU  DXIGBZBXD— Contlnned. 

[The  followlnfi:  list  is  additional  to  that  given  on  page  145  of  Bulletin  524.    The  num- 
bers refer  to  entries  In  that  bulletin.] 


Actinollte,    374. 

Albitite.   804. 

Almandlto.   374. 

Andesite,  497,   1110. 

Andradite.   374. 

Asbestos.  374. 

Asbolite,  374. 

Augite,   374. 

Basalt,  485,  407. 

Bastite  rock,  420. 

Bowenite,  374. 

Byssollte,   374. 

Chrysotlle,   374. 

Corundum  syenite,  040. 

Cyanlte  schist.  1170. 

Damourlte,  374. 

Diabase,  473,  804.  1114,  1220. 

Diopside,   374. 

Diorlte.   1260. 

Diorlte  porphyry,  83G. 

Eastonlte,   374. 

Ferrodolomite,   518. 

Gabbro,  473,  804,  871,  1110,  1220. 

Gneiss,  04,  374,  420.  704. 

Granite,   80.   04,   302,   400.   473.   663.   871, 

1260. 
Granite  gneiss.  302.  420. 
Granite  porphyry,  704. 
Granodlorlte.  04,  473,  407,  836.  1260. 
Greenalltc,   1132. 
Greenstone,  700. 


Grossularlte,  374. 

Hornblende  gneiss,  420. 

Jade,    374. 

.Jaspilite.   1132. 

Kaersutite,  485. 

Lennilite,  374. 

Limestone,  04. 

Marmolite,  374. 

Nephrite,  374. 

Pegmatite,  80.  84.  04,  302,  374. 

Perldotlte.   206.   48.'». 

Picrlte.   485. 

I*orcellophlte.  374. 

Porphyry.  302. 

Pyrallollte,  374.- 

Quartz  diorlte  porphyry.  700. 

Quarts-serlclte  strhist,  1 170. 

Quartzlte,  420,  704. 

Rhyollte.  407.  1114. 

Schist.  04,   374,   704. 

Serpentine,   1114. 

Shenite,   374. 

Syenite.   374,  704. 

Taconlte.   1132. 

ThermophylUte,   374. 

Thullte,   374. 

Tremolite,  374. 

ITralose,  040. 

Vermlcullte,  374. 

WUllamsite,   374. 


OEOLOOIC  FORMATIONS  DESCRIBED. 


Abitib!   group    (Keewatin?),    pr^Cambrian, 

Quebec  :   Wilson,  1221.  , 

AbrnniH  mica  schist,  Oregon  and  California  : 

Ilershey,  452. 
Acadian  group,  Cambrian,  New  York  :  Hart- 

nagel.  432. 
.VdaniM     Lake      greenstone,      pre-Cambrlan, 

British  Columbia  :  Daly.  254. 
Adams  Laki»  volcanic  series,  pro-Cambrian, 

British  Columbia  :  Daly.  255. 
Aftonian   interglacial  deposits.  Quaternary. 

South  Dakota  :   Shimok,  076. 
Afton    terranc.    Quaternary,    Iowa  :    Keyos, 

577. 
Aguacati^  series,  Costa  Rica  :  Romaops,  031. 
Alazan    shales,    Koccnc,    Mexico :     Dumble, 

204. 
Albert  Canyon  division.  pre-Cambrlan,  Itrlt- 

ish  Columbia  :  Daly.  254. 
Albert    series.    Carboniferous,    New    Rruns- 

wick  :  YounK.  1250. 
Allegheny  formation.   Pennsylvanlan.   Penn- 
sylvania :  Munn,  782. 
Allegheny   formation.    IVnnsylvanlan,   West 

Virginia,  Kentucky  :   Phalen,  «50. 
Allensvllle  IkhI.   Mlsslsslppian,  Ohio:   ITyde. 

528. 


AUentown  limestone,  Cambrian.  Pennsylva- 
nia :  Miller,  757  ;  Peck,  830. 

Allison  Creek  sandstone,  CretaccKJus.  Al- 
l)erta  :  Leach.  043. 

.Mtamont  limestone,  CarlM)niferous,  Okla- 
homa :  Ohern  and  Onrrott.  803. 

Ames  limestones.  Carboniferous,  West  Vir- 
ginia :   Ilennen.  447. 

Araes(?)  limestone  member,  Pennsylvanlan, 
Ohio,  West  Virginia,  Kentucky  :  Phah'n, 
850. 

Amnlcon  formation.  pre-Cambrbin?.  Wis- 
consin: Thwaltps.   1085. 

Amsterdam  limestone,  Ordovlcian,  New 
York:   Ilartnagel,  432. 

Anamosa  terrano,  Silurian.  Iowa  :  Keyrs. 
577. 

Anderdon  limestone  beds.  Devonian.  Onta- 
rio and  Michigan  :  Nattress,  703. 

Angola  shale,  Devonian,  New  York  :  Ilart- 
nagel, 432. 

Animas  formation.  Tertiary,  Colorado  :  Lee. 
648. 

Animas  interplaclal  interval,  Quaternary, 
Colorado:   Atwood  and  Mather,  32. 

Ankareh  shale,  Triasslc,  Idabo  and  Utah : 
Richards  and  Mansticld,  003. 
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ADktreh   ihale,    Trianic.    Utah :  Boiitwell. 

02. 
AoFil-rock   sandstone.   Carboniferous,    Ken- 
tucky:  Glenn,  371. 
Aplshapa    shale.    Upper    Cretaceous,    Colo- 
rado: Stosc,  1056. 
Aylson  shale,  Cambrian,  Oeorgia  :  Maynard, 

788. 
Appanoose    terranc.    Carboniferous.    Iowa : 

Keyes,  577. 
Aquashlcola    formation.    Hilurian.    Pennsyl- 

Tanla :  Miller,  767. 
Aqnla  formation.  Eocene,  Maryland  :  Miller. 

768. 
Aqnia   formation,    Eocene,   VlrKlnln :   Clark 

and  Miller.  102. 
Arapahoe    formation.    Tertiary.    Colorado : 

Richardson.  900. 
Arcturus  formation.  Carbon  I  fibrous.  Nevada  : 

Hershey,  462. 
Ardness     formation,     MlRsiwtipplan,     Nova 

Scotia :  Williams,  1211. 
Arikaree  formation.  01iKoc(>ne  and  Miocene, 

Nebraska :  Osborn.  815. 
Arisalji:  series,  Silurian,  Nova  Scotia :  Wil- 
liams, 1211. 
Armuchee  chert,  Devonian,  (ioorfcla  :   May- 
nard. 788. 
Amhelm   formation,    Ordovlclan.    Ohio  and 

Kentucky:  FoerRte,  328. 
Amoldsbarg  sandstone.  Carboniferous,  West 

Virginia :  Hennen,  447. 
Arundel   formation,  Cretaceous,   Maryland  : 

Berry,  67. 
Ashbed  group,  Cambrian,   Michigan  :   Lane, 

627. 
Atchison  tcrrane,  CretacoouK,  Iowa  :  Keycs, 

677. 
Atkinson  tcrrane,  Ordovlclan.  Iowa  :  Keyos. 

577. 
Attwood   RericH,   Carbon  if  erouR,   BrltlRh  Co- 
lumbia :  LeRoy,  055. 
Aurora     sandRtone.      MlRRlHslppian,     Ohio : 

Prosser,  872. 
Aylmer     formation.     Ordovlclan,     Ontario: 

Raymond,  888. 
Bailey      formation,       Silurian.       Mlsnourl  : 

Crane,  23.3. 
Bald  Mountain  llmeRtone.  Ordovlclan,  New 

York  :  Clarke,   198. 
Bandera    shale,    Carlwnlferous,    Oklahonm : 

Ohem  and  Garret t.   8(K{. 
Bangor  formation.    MlRRlnslpplan,   <f<'orf;la  : 

Maynard.  738. 
Barnegat  llmeRtono,  Cambria u.   Now  York  : 

Hartnagel,  432. 
Rathurst     formation,     CarbonlfordUH.     N«'w 

BrunRwick  :   Young,   12.'>S. 
Baxters  Brook  formation,  T'ppor  Cambrian, 

Nova  Scotia:  Williams.   1211. 
Bayfield  group,  pre-Cambrlan?,  WIsoonRln  : 

Thwaites,  1085. 
Bayne  series.  Eocene,  Washington  :   Evans, 

813. 


Bays  sandstone,  OrdoTidan,  Tennessee : 
Gordon  and  Jarvls,  383. 

Beacon  Hill  formation,  Qnatemary,  New 
York:  Hartnagel,  432. 

Beale  dlorite,  Jurassic  and  Cretaceous?, 
British  Columbia:  Clapp  and  Allan,  185. 

Bearpaw  shale,  Cretaceons,  Montana :  l*ep- 
perberg,  842. 

Bear  River  formation.  Britirti  Columbia: 
McConnell,  606,  006. 

Beauhamols  formation,  Ordovlclan,  On- 
tario: Raymond,  888. 

Reaver  limestone,  Cambrian,  Georgia :  May- 
nard, 738. 

Bcaverburk  limestone,  Texas :  Udden  and 
Phillips,  1121. 

Beckwlth  formation.  Cretaceous  and  Juras- 
sic, Idaho  and  Utah :  Richards  and  Mans- 
field, 0()3. 

Becraft  limestone,  Devonian.  New  York : 
Hartnagel,  432;  Kindle,  581. 

Bedford  formation.  Carboniferous,  Ohio : 
Prosser.  871. 

Bedford  formation,  Mississlpplan,  Ohio : 
Hyde,  528. 

Bedford  shale,  Carboniferous,  Ohio :  Pros- 
Ror,  871. 

Bedford  shale,  Devonian.  Ohio :  Girty,  370 ; 
ProHser,  872. 

Bedford  shale,  Mississlpplan,  Ohio:  Stauf- 
fer,  1025. 

liedford  shale,  Waverlyan,  Ohio:  Ulrich, 
1122. 

Beechhill  Cove  formation,  Silurian,  Nova 
Scotia:  Williams.  1211. 

Beekmantown,  Ordovlclan,  Pennsylvania : 
Zlegler,  1262. 

B<>ekmantown,  Ordovlclan,  Vermont :  I'er- 
klns.  845. 

Beekmantown  formation,  Ordovlclan,  On- 
tario :   Raymond,  888. 

Beekmantown  limestone,  Ordovlclan,  New 
York:  Hartnagel,  432. 

lieokmantown  limestone,  Ordovlclan.  Wewt 
Virginia :  Stose  and  Swartx.  10.">«. 

Belledune  group,  Silurian,  New  Brunswick  : 
Young,  1258. 

liellvale  flags,  Devonian,  New  York  :  Hart- 
nagel, 432. 

Belly  River  format'on,  OotaceouR,  Alljerta  : 
Hies  and  KtH'le,  010. 

lielt  series,  pre-Cambrlan,  Idaho  and  Ne- 
vada :  Hershey,  452. 

Bond  formation,  TexaR :  Udden  and  Phil- 
llps,  1121. 

HeuHon  formation.  ('retac«»ouH,  British  Co- 
lumbia :  Clapp,  183. 

Itenton  formation,  Crotaceous,  Alberta : 
Leach,   043. 

Benton  formation.  Cretaceous,  Manitoba : 
Hies  and  Keele,  010. 

Benton  formation,  (^retaceous,  Wyoming: 
Jamison,  640. 
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Benton  group.  Cretaceous,  Kansas:  Parker, 
826. 

Benton  shale.  Cretaceous,  WyomlnR:  Wege- 
mann,  1178. 

Benwood    limestone,    Carboniferous,    West 
Virginia  :  Flennen,  447. 

Benwood 'limestone  member,  Pennsylvanlan, 
Pennsylvania :  Munn,  782. 

Berea   gi4t,   Carboniferous,   Ohio :    Prosser, 
871. 

Berea    grit,     Mlsslssipplan,     Ohio :     Hyde, 
528;  Stauffer,  1025. 

Berea  grit,  Waverlyan,  Ohio:  Ulrlch,  1122. 

Berea      sandstone,      Carboniferous,      Ohio : 
Prosser,  871. 

Berea      sandstone,      Mlsslsslpplan,      Ohio: 
Prosser,  872. 

Berners  formation,  upper  Jurassic  or  lower 
Cretaceous,  Alaska :  Knopf,  594. 

Bertie    water   lime,    Silurian,    New    York : 
Hartnagel,  432. 

Bertram    terrane,    Silurian,    Iowa :    Keyes, 
677. 

Bethany  terrane,  Cretaceous,  Iowa :  Keyes, 
677. 

Big  Horn  epoch,  Quaternary.  Colorado :  At- 
wood  and  Mather,  32. 

Big  Horn  glacial  epoch,  Quaternary,  Colo- 
rado :  Atwood  and  Mather,  32. 

Binnewater  sandstone,  Silurian,  New  YorK: 
Hartnagel*,  432. 

Birch  Creek  schist,  pre-Ordovlclan  ?,  Alaska  : 
Capps,  170 ;  Mofflt,  769. 

Birdseye      limestone,      Ordovlcian,      Ohio : 
Puller  and  Clapp,  346. 

Birdsvllle    formation.    Carboniferous,    Illi- 
nois :  Shaw,  970. 

Birdsvllle     formation,     Mlsslsslpplan.     Illi- 
nois:  IJnes.  670;  Shaw  and  Savage,  972. 

Birdsvllle    formation,     Mlsslsslpplan,     Mis- 
souri :  Crane,  233. 

Birmingham     shale.     Carboniferous,     West 
Virginia  :  Hennen,  447. 

Bishop  conglomerate,  Tertiary.  Utah  :  Lup- 
ton,  689,  690. 

Bitter  Creek  formation,   British  Columbia  : 
McConnell,  696. 

Blwabik    formation.    pre-Cambrlan,    Minne- 
sota :  Van  Barnoveld.  1133. 

Black   Creek   formation,   Cretaceous,   North 
Carolina:  Clark  et  al.,  19,3. 

Black  Hand  formation,  Mlssissippian.  Ohio: 
Stauffer,  1025. 

Black    River,    Ordovlcian,    Vermont  :    l*er- 
klns.  845. 

Black   Hlvor   lK»ds,   Ordovlcian,    New   York : 
Hartnagel,   432. 

Black     Ulver    formation,     Ordovlcian.     On- 
tario :  Raymond,  888. 

Black    River    group,    Ordovlcian.    Ontario : 
.Tolinston.  557. 

Black    RIvor  limestones.   Ordovlcian.   Penn- 
sylvania :   Ziegler,    1262. 

Blacksmith  Ilme.ston«\  Cambrian.  Idaho  and 
Utah:  Richards  and  Mansfield,  903. 


Blakely  formation,  Miocene.  Washington : 
Weaver,  1169. 

Blanchester  division,  Ordovlcian,  Ohio  and 
Kentucky :  Foerste.  327. 

Bloomington  formation,  Cambrian,  Idaho 
and  Utah  :  Richards  and  Mansfield,  903. 

Bloomsburg  red  sandstone  member.  Silu- 
rian, West  Virginia,  Pennsylvania,  Mary- 
land :  Stose  and  Swartz,  1058. 

Bloomsbury  formation,  Devonian,  New 
Brunswick  :  Ells,  307. 

Bluefleld  formation,  Mlsslsslpplan,  Virginia  : 
Branson,  103. 

Bluff  bone  bed,  Texas :  Udden  and  Phillips, 
1121. 

Bohemian  Range  group.  Cambrian,  Michi- 
gan :  Lane,  627. 

Bonaventure  formation,  Devonian,  New 
Brunswick :  Young,  1258. 

Bonneterre  formation,  Cambrian,  Mis.souri : 
Crane,  233. 

Boone  chert,  Mississippian,  Oklahoma : 
Snider,  1005. 

Bossardville  limestone,  Silurian,  New  York : 
Hartnagel,  432. 

Boston  Bar  series.  Carboniferous.  British 
Columbia:  Camsell,  162. 

Boston  Neck  granite,  post-(^arbonlfcrous, 
Rhode  Island:  Lahee,  617. 

Bosworth  formation,  Cambrian,  British 
Columbia :  Allan,  9. 

Bowie  shale  member.  Cretaceous.  Colorado : 
I^e,  647. 

Bradford  division,  Mississippian,  New  York  : 
Hartnagel,  432. 

Bralnard  terrane,  Ordovlcian.  Iowa  :  Keyes, 
577. 

Brayman  shale,  Ordovlcian  or  Silurian, 
New  York:   Hartnagel,   432. 

Breathitt  formation.  Carboniferous.  Ken- 
tucky :  Miller,  756. 

Brecksvllle  shale,  Mississippian,  Ohio  :  Pros- 
ser, 872. 

Bridgor  formation,  Eocene,  Wyoming :  Os- 
born,  815. 

Bridger  formation.  Tertiary.  Utah  :  Lupton, 
690. 

Bridgeton  formation.  Quaternary.  New 
York:  Hartnagel.  4.32. 

Brierfleld  dolomite,  Alabama:  Butts.  14S. 

Brigham  quartzlte,  Cambrian.  Idaho  and 
Utah  :  Richards  and  Mansfield,  903. 

Bristol  limestone,  Carboniferous,  West  Vir- 
ginia :  Hennen.  447. 

Brock  shales,  Triassic,  California  :  Smith, 
995. 

Brooklyn  formation.  Carboniferous.  British 
Columbia  :   LeRoy,  655, 

Brown's     Mountain     group,     Nova     Scotia : 

Williams,  1211. 
Browntown     sandstone     member,     IVnnsyl- 

vanian.   Pennsylvania  :  Munn.  7S2. 
Brule   formation.   Tertiary,   South   Dakota : 

Perisho  and  Visher,  843. 


USTS. 


173 


OEOLOOIC  rO&lCATIOVS  DE80BZBS]>--Oontlnued. 


Bnmswlck  bedn.  Jura-Trias.  New  York : 
Hartnagel.  432. 

Bmnswlck  tormation.  Triassic,  Pennsyl- 
vanla.  Now  JerHey :  Wherry,  1101. 

Baena  Viata  member,  Devonian,  Ohio :  I*ro8- 
aer.  872. 

Buffalo  sandstone,  Carboniferous,  West  Vir- 
ginia :  Hennen,  447. 

Buffalo  sandfltone  mombor.  IVnnsylvanlan, 
Ohio.  West  Virginia,  Kentucky:  Pbalen, 
850. 

Bulkleyeruptlves,  Tertiary?,  Hrltish  Colum- 
bia: Malloch.  7ir>. 

Burden  conglomerate,  Ordovlclan,  New 
York:  Ilartnagel,  4:{2. 

Burgen  MandHtone,  Ordovician,  Oklahoma : 
Snider,  1005. 

Burgess  shale,  Cambrian,  Hritlnh  (Colum- 
bia: Walcott,  1152. 

Burgoon  sandstone  member,  MlHslnHlppian, 
Pennsylvania  :  Munn,  782. 

Burke  formation,  pre-Cambrian.  Idaho : 
Hershey,  452. 

Burlington  formation,  MiKHiHKlppian,  MIk 
■onrl:  Crane,  233^ 

Burlington  limestone,  MlHslRslppiun,  Illi- 
nois:  Lines,  670;   T'dden,   1117. 

Burlington  terrane.  Carboniferous,  Iowa : 
Keyes,  677. 

Burton  sandstone,  CarbonifrrouR,  Went  Vir- 
ginia :  Ilennen,  447. 

Bushberg  sandstone,  r>«>voulan.  Missouri : 
Crane,  233. 

Buxton  formation.  Carboniferous,  Okla- 
homa :  Ohem  and  (iarrett.  803. 

Byer  sandstone,  Misslsslpplan.  Ohio  :  Hyde, 
628. 

Cache  Creek  formation.  Carboniferous,  Ilrit- 
ish  Columbia  :  Camsell,  162. 

Calciferous  formation,  Ordovician,  Quebec : 
Valiquette.  1132. 

Caledonia  group,  pre-Carboniferous.  New 
Brunswick:  Young.  1250. 

Calvert  formation.  Miocene.  Maryland : 
Miller.  758. 

Calvert  formation,  Miocene,  Virginia  :  Clark 
and  Miller,  102. 

Cambric  or  Taconic  systt-m :  Hartnapel, 
432. 

Cambridge  (lower)  llmeHtono,  Pennsylva- 
nian,  Ohio,  West  Virginia,  Kentucky : 
Phalen,  850. 

Camlllus  shalo,  Silurian,  N«'w  York : 
Ilartnagel,   432. 

Canadian  group,  Ordovician  :  llartnaRcl. 
432. 

Canajoharie  shale.  Ordovician.  New  York  : 
Ilartnagel,   432. 

Cap  Mountain  formation,  Cambrian,  Texas : 
Paige,  817. 

Capote  quartzlte.  Cambrian.  Moxico :  liee, 
646. 

Carbondalo  formation,  Carbondale,  Illinois  : 
Shaw,  070. 


Carbondale  formation,  Pennaylvanian.  Illi- 
nois :  Lines.  670 ;  Shaw  and  Savage,  072. 

l*arbonic  system :  Hartnagel.  432. 

Cardiff  shale,  Devonian,  New  York :  Hart- 
nagel, 432. 

Carlile  shale.  Upper  Cretaceous,  Colorado : 
Stose.  1056. 

Carlinvllle  limestone,  Pennsylvanlan,  Illi- 
nois: Lines,  670. 

Carmack  basalts.  Tertiary  or  Pleistocene, 
Yukon  :  Cairnes,   149. 

Carmanah  formation,  Ollgocene-Miocene, 
British  Columbia  :  Clapp  and  Allan.  185. 

Carmanah  formation.  Tertiary,  British  Co- 
lumbia  (Vancouver  Island)  :  Clapp,  182. 

Carmichaels  formation.  Quaternary,  Penn- 
sylvania :  Munn,  782. 

Caseyville  formation,  I*ennsylvanian,  Ken- 
tucky :  Glenn,  373. 

Cashaqua  shale,  Devonian,  New  York : 
Ilartnagel,  432. 

Cassin  formation,  Ordovician,  New  York : 
Ilartnagel.  432. 

Cassville  plant  shale.  Carboniferous,  West 
Virginia  :  Ilennen,  447. 

Cassville  shale  member,  Permian,  Pennsyl- 
vania :  Munn,  782. 

Castle  Hayne  limestone.  Eocene,  North 
Carolina :  Clark  ct  o/..  103. 

Castie  Rock  conglomerate.  Ollgoceoe,  Colo- 
rado :  Richardson,  008. 

Cataldo  formation,  pre-Cambrlan.  Idaho : 
Hershey,  452. 

Cataldo  formation,  pre-Cambrlan,  Idaho: 
Huston.  527. 

Cathedral  formation,  Cambrian,  British 
Columbia  :  Allan,  0. 

Cat  Hill  granite.  pre-Cambrlan,  New  York : 
Hartnagel,  432. 

Catsklll  beds,  Devonian,  New  York  :  Hart- 
nagel, 482. 

Catsklll  formation,  Devonian,  New  York 
and  Pennsylvania  :  Barrell.  48. 

Catsklll  (?i  formation,  Devonian,  Pennsyl- 
vania :  Munn,  782. 

Catsklll  formation,  Devonian.  West  Vir- 
ginia, Pennsylvania,  Maryland  :  Stose  and 
Swartz,    1058. 

Cattaraugus  beds,  Misslssipplan,  New  York : 
Ilartnagel,  432. 

Cayuga  group,  Silurian,  West  Virginia, 
Pennsylvania,  Maryland :  Stose  and 
Swartz,   1058. 

Cayugan  group.  Silurian,  New  York  :  Hart- 
nagel, 432. 

Cayuta  shale,  Devonian,  New  York :  Hart- 
nagel, 432. 

Cedar  district  formation.  Cretaceous,  Brit- 
ish  Columbia :    Clapp,    18,3. 

Cedar  Valley  limestone,  I>evonian,  Iowa : 
Norton  ct  al.,  800. 

Cenozolc  series :  Ilartnagel.  432. 

Centervllle  limestone,  Devonian,  New  York : 
Hartnagel,  482. 
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Central  (Mine)  group,  Cambrian,  Michi- 
gan :  Lane,  627. 

Chadron  l>ed8.  Tertiary,  South  Dakota : 
Perisho  and  Visher,  843. 

Chagrin  formation.  Devonian,  Ohio:  Pros- 
Ber.   872;    Ulrich,    1122. 

Chagrin  shale,  Ohio:  Cushlng.  246. 

Chagrin  shale,  DeToniaa,  Ohio :  Kindle, 
581. 

Champlainic  or  Ordoviclc  system :  Ilart- 
nagel,  432. 

Chancellor  formation,  Cambrian,  British 
Columbia:  Allan,  9;  Walcott.  1146. 

Channahon  limestone,  Silurian,  Illinois: 
Savage.   985. 

Chardon  sandstone,  Mississippian,  Ohio: 
Prosser,  872. 

Chattanooga  black  stuile,  Devonian, 
Georgia :  Maynard,  738. 

Chattanooga  shale,  Devonian.  Kentucky : 
Kindle,    582. 

Chattanooga  shale,  Devonian,  Oklahoma : 
Snider,   1005. 

Chattanoogan  series:  Ulrich,  1122. 

Chautauquan  group,  Devonian,  New  York : 
Hartnagel,  432. 

Chasy,  Ordovlclan,  Vermont :  I'erklns,  84.'>. 

Chazy  beds,  Ordovician,  New  York :  Hart- 
nagel, 432. 

Chazy  formation,  Ordovician,  Ontario  :  Ray- 
mond.  888. 

Chazy  limestone,  Ordovician.  Quebec :  Vali- 
quette,  1132. 

Chazyan.  Ordovician,  Pennsylvania :  Zleg- 
ler.  1262. 

Chehalls  formation,  Miocene,  Washington : 
Weaver,    1169. 

Chemung  beds,  Devonian,  New  York :  Hart- 
nagel, 432. 

Chemung  formation,  Devonian,  New  York 
and  Pennsylvania  :  Barrell,  48. 

Chemung  (  ?)  formation,  Devonian,  I'ennsyl- 
vanla :  Munn.  782. 

Chemung  group,  Mississippian,  Missouri : 
Crane,  233. 

Chequamegon  sandstone,  pre-Cambrian. 
Wisconsin  :  Thwaites,  1085. 

Cherokee  formation.  Carboniferous,  Okla- 
homa :  Ohern  and  Garrett,  803. 

Cherokee  formation,  Pennsylvanlan,  Mis- 
souri :  Crane,  2.S.3. 

Cherokee  shale,  Pennsylvanlan,  MiRsourl : 
Hinds,  470. 

Cherokee  terrane,  Carlwniferous,  Iowa : 
Keyes,  577. 

Cherry  Valley  limestone,  Devonian,  New 
York  :  Hartnagel.  432. 

Chesapeake  group,  Miocene,  Maryland  :  Mil- 
ler, 758. 

Chesapeake  group,  Miocene.  Virginia : 
Clark  and  Miller,  192. 

Chester  (Huron)  formation.  Mississippian, 
Indiana  :  Cumings.  244. 

Chester  group,  Mississippian,  Missouri : 
Crane,  283, 


Chickaloon    formation.    Tertiary,    Alaska: 
Martin  and  Katz,  722. 

Chickamauga,  Ordovician,  Tennessee:  Gor- 
don and  Jarria,  383. 

Chickamauga   formation,   Ordovician.   Geor- 
gia :  Maynard,  738. 

Chico    formation.    Cretaceous,    California : 
Dumble,  203. 

Chieftain    Hill    volcanlcs.    Cretaceous,    Yu- 
kon :  Caimes,  149. 

Chinech    formation,    California :     Hershey, 
452. 

Chinitna    shale.    Jurassic,    Alaska :    Martin 
and  Kats,  721. 

Chisik  conglomerate,  Jurassic,  Alaska  :  Mar- 
tin and  Katz,  721. 

Choptank    formation,    Miocene,    Maryland : 
Clark  and  Miller,  102;  Miller,  758. 

Chouteau    limestone,    Carboniferous,    Iowa, 
Missouri :  Keyes,  578. 

Chouteau     limestone,     Mississippian,     Mis- 
souri: Crane,  233. 

Chouteau     terrane,     Carboniferous,     Iowa : 
Keyes,  677. 

Chowan  formation.  Pleistocene,  North  Caro- 
lina :  Clark  et  al.,  193. 

Chugwater   formation,   Triassic,    Wyoming: 
Jamison,  539. 

Cincinnati  shale,  Ordovician.   Illinois:   Ud- 
den,  1117. 

Clncinnatlan  group,  Ordovician  :  Hartnagel, 
432. 

Clncinnatus    flags,    Devonian.    New    York : 
Hartnagel,  482. 

CinnemouHun       limestone.       pre  -  Cambrian, 
British  Columbia  :  Daly,  254. 

Cisco  formation,   Texas :    Udden   and    Phil- 
lips, 1121. 

Claggan    terrane,    Devonian,    Iowa :    Keyes, 
577. 

Claggett   formation,    Cretaceous,    Montana : 
Pepperberg,  842. 

Clarksburg    fire-clay    shale,    t'arbouiforous, 
West   Virginia :   Henncn,   447. 

Clarksburg   limestone.    Carboniferous,    West 
Virginia  :  Hennen,  447. 

Clarksburg  red  shale.   Carboniferous,   West 
Virginia  :  Hennen,  447. 

Clarksvllle   division.    Ordovician,    Ohio    and 
Kentucky  :  Foerste,  327. 

Ciaysviile      limestone      member,      IVrmian, 
Pennsylvania  :   Munn,   7S'2. 

Clear  Creek  chert,  Devonian,  Illinois :  Lines, 
670. 

Clear  Creek    (Orlskany)    formation.   Devon- 
ian, Missouri  :   Crane,  il'.i'A. 

Clermont  terrane,  Ordovician,  Iowa  :  Keyrs, 
577. 

Cleveland  shale,  Ohio:   Cushlng,   L'46. 

Cleveland    shale,    Devonian,    Ohio :    Kindle. 
581  ;   Prosser.   872. 

Cleveland  shale,    Waverlyan,  Ohio :    Ulrich, 
1122. 

Clinch  formation,  Silurian,  Tennessee:  Gor- 
don and  Jarvis,  383. 
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CUntan  beds,  Silurian,  New  York :  Hart- 
nagel,  432. 

Clinton  limestone.  Silarlan,  Illinois :  Lines, 
670. 

Clinton  limestone,  Silurian,  Ohio:  Fuller 
and  Clapp,  346. 

Clinton  shale.  Silurian.  West  Virginia. 
Pennsylvania.  Maryland :  Stose  and 
Sirarts,   1068. 

Cloche  Island  beds.  Ordovlcian,  Ontario : 
Foerste.    320. 

Coast  Range  intruslves,  .Jurassic.  Yukon : 
Caimes,  140. 

Cobalt  'series,  pre-Cambrlan,  Ontario :  Bur- 
rows, 137. 

Cobalt  series,  pro-Carabrlan,  Quebec :  Wil- 
son,  1221. 

Cobalt  series,  upper  Iluronian,  Ontario : 
McMillan.  700. 

CoblesklU  limestone,  Silurian,  Now  York : 
Hartnagel,  432. 

CoboGonk  limestone,  Ordovlcian,  Ontario : 
Johnston,  667. 

Coeymans  limestone.  Devonian,  New  York : 
Hartnagel,  432:   Kindle,  681. 

Coffeyville  formation.  Carboniferous,  Okla- 
homa :  Ohern  and  Garrett.  80.S. 

Cohansey  formation.  Quaternary,  New 
York:  Hartnagel.  432. 

Coharie  formation.  Pleistocene,  North  Caro- 
lina:  Clark  et  al.,  103. 

Colesburg  terrane,  Silurian,  Iowa :  Keyes, 
577. 

Colgate  sandstone  member.  Cretaceous  or 
Tertiary,  Montana :  Beekly.  63. 

Colgate  sandstone  member,  Tertiary,  Mon- 
tana :  Calvert,  157. 

CoUingwood  formation,  Ordovlcian,  Onta- 
rio: Foerste,  320;  Raymond,  888. 

Colorado  shale.  Cretaceous,  Montana  :•  Cal- 
vert, 158,  150;  Pepperberg.  842. 

Columbia  group,  Pleistocene,  North  Caro- 
lina :  Clark  et  al,  103. 

Columbia  group.  Pleistocene,  Virginia : 
Clark  and  Miller,  102. 

Columbus  limestone,  Devonian,  Ohio  :  8tauf- 
fer,   1025. 

Comanche  series,  Cretaceous,  Texas  :  ralK<\ 
817. 

Comanche  Peak  limestone,  Cretaceous, 
Texas:  Paige,  817. 

Comox  formation.  British  Columbia  :  iMapp, 
184. 

Conasauga,  Cambrian.  Tennessee :  dordon 
and  Jarvis,  383.     iscc  aho  Connasau^^a. 

Conemaugh  formation.  Pennsylvanlan.  Ohio. 
West  Virginia,  K<'ntucky  :  Thalen.  850. 

Conemaugh  formation,  I'ennsylvanian,  I'eun- 
sylvania :  Munn,  782. 

Conemaugh  series,  Carbonlfprou.s,  West 
Virginia :  Ilennen,  447. 

Connasaugn  shales  and  limestones.  Cam- 
brian, CJeorgia :  Maynard.  738. 

Connellsville  sandstone.  Carboniferous, 
West  Virginia:  Hennen,  447. 


(^onnelly  conglomerate,  Devonian,  New 
York :   Hartnagel,   432. 

Conococheague  limestone,  Cambrian.  West 
Virginia:  Stose  and  Swarts,  1058. 

Conway  mica  schist,  Vermont :  Hitchcock, 
473. 

Coplay  limestone,  Ordovlcian,  Pennsylva- 
nia :  Miller,  757 ;  Peck,  8.30. 

Coralville  terrane,  Devonian,  Iowa  :  Keyes, 
577. 

Corbin  conglomerate.  Carboniferous,  Ken- 
tucky:  Miller,  750. 

Cornishville  member,  Ordovlcian,  Ken- 
tucky :  Foerste,  327. 

Cornwall  shale,  Devonian,  New  York :  Hart- 
nagel, 4.32. 

Corry  standstone,  Mississippian,  Ohio: 
Prosser,  872. 

Cortlandt  series,  pre-Cambrian.  New  York : 
Hartnagel,   432. 

Coutchichlng  iseries,  pre-Cambrlan,  On- 
tario: Lawson,  636,  637. 

Cowlchan  group,  C'retaceous,  British  Co- 
lumbia   (Vancouver  Island)  :  Clapp,  182. 

Cowlchan  group,  Tpper  Cretaceous ( ?), 
British  Columbia  :  Clapp  and  Allan,  185. 

Cowlitz  formation,  Eocene,  Washington : 
Weaver,   1160. 

Cranberry  formation.  Cretaceous,  British 
Columbia:   Clapp,   183. 

Creston  formation,  Cambrian,  British  i?o- 
lumbia:  Clapp,  183. 

Creston  formation,  Cambrian,  British  Co- 
lumbia :   Schofleld,  053. 

Creston  red  shale,  Carboniferous,  West 
Virginia  :   Ilennen,  447. 

Cretacic  group  :  Hartnagel,  432. 

Crlil  terrane.  Cretaceous,  Iowa  :  Keyes,  577. 

Crown  Point  limestone,  Ordovlcian,  New 
York:    Hartnagel,  4.32. 

Oowsnest  volcanlcs,  Cretaceous,  .Mberta : 
Ix^ach,  643. 

Cuba  sandstone,  Devonian,  New  York : 
Hartnagel,    4.32. 

Cumberland  Head  shale,  Ordovlcian,  New 
York  :   Hartnagel,  4:V2. 

Curlew  limestone,  Carboniferous,  Ken- 
tucky :    Glenn,   371. 

Curlew  sandstone,  CarlHinlferous,  Ken- 
tucky :  Glenn,  371. 

Cussewago  shales  and  sandstone,  Misslsslp- 
plan,  Ohio  :  Prosser,  872. 

Cuyahoga  formation,  Carboniferous.  Ohio : 
ProHser,   Sli. 

Cuyahoga  formation,  Mississippian,  Ohio: 
ilyde,  528  ;  Stauffer,  1025. 

Cuyahoga  shale,  Mississippian,  Ohio:  Pros- 
ser, 872. 

Cypress  formation,  Mississippian,  Missouri : 
Crane,  233. 

Cypress  sandstone,  Carboniferous,  Illi- 
nois :    Shaw,   070. 

Cypress  sandstone,  Mississippian,  Illinois : 
Lines,  670. 
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Dakota  ( ?) ,    Cretaceous,     Alberta  :     Leach, 
643. 

Dakota    formation,    Cretaceous,    Manitoba : 
Ries  and  Keele,  916. 

Dakota    sandstone.    Cretaceous,    Colorado : 
Lee,  647,  648. 

Dakota     sandstone.     Cretaceous,     Kansas : 
Parker,  826. 

Dakota    ( ?)    sandstone,   Cretaceous,   Utah : 
Lupton,  689. 

Dakota   sandstone.    Cretaceous,    Wyoming: 
Jamison,  539. 

Dakota    sandstone,    Cretaceous,    Wyoming- 
South  Dakota :  Stone,  1046. 

Dakota    (?)   sandstone.  Cretaceous,  Wyom- 
ing: Wegemann,  1178. 

Dakota  sandstone,  Upper  Cretaceous,  Colo- 
rado :  Stone,  i056. 

Davis     formation,      Cambrian,     Missouri : 
Crane,  233. 

Dawson  arkose.  Eocene,  Colorado :  Richard- 
son, 908. 

Day     Point     limestone,     OrdoTician,     New 
York:  Hartnagel,  432. 

Deadwoo<)  formation,  Cambrian,  Wyoming: 
Jamison,  539. 

Decewsville    formation,    Ontario:    Stauffer. 
1024. 

Decker     Ferry     limestone,     Silurian,     New 
York  :  Hartnagel,  432. 

Decorah  shale,   Ordovician,    Iowa :    Norton 
et  al.,  800. 

Decorah  terrane,  Ordovician,  Iowa :  Keyes, 
577. 

DeCourcy    formation.    Cretaceous,    British 
Columbia:  Clapp.  18.3. 

Deepklll     shale.     Ordovician,     New     York : 
Hartnagel,  432. 

I>oKoven    formation,    Pennsylvanian,    Ken- 
tucky: Glenn,  373. 

Delaware      limestone,      Devonian,      Ohio : 
Stauffer,  1025. 

Derby      formation,      Cambrian,     Missouri : 
Crane,  233. 

Des    Moines    group.    Pennsylvanian,    Iowa : 
Norton  et  al.,  800. 

Des    Moines    group.    Pennsylvanian,    Mis- 
souri:  Crane,  233;  Hinds,  470. 

Devils     Island     sandstone.     pre-Cambrlan, 
Wisconsin  :  Thwaltcs,   1085. 

Devonlc  system  :  Hartnagel.  4.32. 

Dewey  limestone.  Carboniferous,  Oklahoma  : 
Ohern  and  Garrett.  803. 

Diamond    IVak    formation.    Novada :    ller- 
shoy,  4r>2. 

Dixon  formation,  I'ennHylvanlan,  Kentucky  : 
Glenn,  373. 

Dixon      sandstone.      Carboniferous,      Ken- 
tucky :  Glenn,  371. 

Dodge    terrane.    Cretaceous,    Iowa :    Keyes, 
577. 

Doc    Run    formation,    Cambrian.    Missouri  : 
Crane.  233. 

Dolgevlile    shale.    Ordovician,    New    York : 
HurtBagel,  432. 


Dolores  shale,  Trlasslc,  Utah :  Woodruff, 
1243. 

Donley  limestone  member,  Permian,  Penn- 
sylvania :  Munn,  782. 

Douglas  shale,  Pennsylvanian,  Missouri : 
Hinds,  470. 

Doyle  shale,  Permian,  Oklahoma :  Ohern 
and  Garrett.  803. 

Dresbach  sandstone,  Cambrian,  Iowa :  Nor- 
ton et  al.,  800. 

Dresbach  terrane,  Cambrian,  Iowa  :  Keyes, 
577. 

Dunkard  series.  Carboniferous,  West  Vir- 
ginia :   Ilennen,   447. 

Dunkirk  shale,  Devonian.  New  York : 
Hartnagel,  432. 

Duplin  formation,  Miocene.  North  Caro- 
lina :  Clark  et  al.,  103. 

Eagle  sandstone,  Cretaceous,  Montana : 
Pepperberg,  842. 

Eagle  River  group,  Cambrian,  Michigan : 
Lane,  627. 

East  Wellington  formation.  Cretaceous, 
British  Columbia:   Clapp.    183. 

Eden  shale,  Ordovician,  Ohio :  Fuller  and 
Clapp.  346. 

Edgewood  formation,  Silurian,  Illinois : 
Lines,  670. 

Edmonton  formation.  Cretaceous,  Albert*!  : 
Rles  and  Keele,  916. 

Edwards  limestone,  Cretaceous,  Texas : 
Paige.  817. 

Eileen  .sandstone,  pre-Cambrlan,  Wiscon- 
sin :  Thwaites,  1085. 

Eldon  formation,  Cambrian.  British  Co- 
lumbia:  Allan,  9:  Walcott,  1152. 

Elgin  sandstone,  Carl>oniforous,  Oklahoma  : 
Ohern  and  Garrett.  803. 

Elgin  terrane,  Ordovician,  Iowa :  Keyes, 
577. 

Elisa  quartz  monzonite  porphyry.  Tertiary, 
Mexico  :  Leo,  650. 

Elk  Lick  limestone.  Carboniferous.  West 
Virginia  :   Hennen,  447. 

Ellenburger  limestone,  Cambrian  and  Ordo- 
vician, Texas :   Paige,  817. 

Ellis  formation,  Jurassic,  Montana :  Cal- 
vert, 159. 

Elm  Grove  limestone,  Carboniferous,  West 
Virginia  :  Ilennen,  447. 

l^:imtrce  slates,  Silurian,  New  Brunswick : 
Young.   1258. 

Ely  formation,  Devonian,  Nevada  :  llershoy, 
452. 

Erabar  formation,  Carl>ouiferous.  Wyoming  : 
Jamison,  5.30. 

Eminence  formation,  Cambrian,  Missouri: 
Crane,  233. 

r:nfleld  shale,  Devonian,  New  York :  Hart- 
nagel, 432. 

Erian  group,  Devonian  :  Hartnagel,  432. 
Erie  shale,  Devonian,  Ohio :  Prosser,  872. 
Eska  conglomerate.  T(»rtiary,  Alaska  :  Mac- 
tin  and  Katz,  722. 
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Esopofl   grit,   Devonian,    New   York :    Ilart- 

nagel,  432. 
Bsopnii  Bbale,  Devonian.  New  York :  Kindle. 

581. 
Essex  limestone,  Silurian.  IIIlnolM*.  Savage. 

930. 
Etchegoin    diviMion,    Miocene,    California : 

Durable,  203. 
Euclid    sandstone    lentil,    Devonian,    Ohio : 

Prosser,  872. 
Eureka   formation.    Nova  da :   II«>rshey,   4r>2. 
Ewing  limestone.  Carbon  If  erou«,  WoHt  Vir- 
ginia :  Hennen,  447. 
Extension    formation.    Cretaceous.    Hrltlsh 

Columbia:  Clapp.  1K.3. 
Fairhaven     member.     Miocene,     Marylnnd: 

Miller,  758. 
Famham  series,  (>rd<»vician,  Qucl^ec :   Ilar- 

vlc,  433. 
Faulconer  division,   Ordovlclan.   K«>ntucky : 

Foerste,  327. 
Fayette    terrane,    IXovonian.    Iowa :    Keyes, 

577. 
Fayettevllle     shale.     MlKslsslpplan,     Okla- 
homa :  Snider,  1005. 
Fern    Olen    formation,     Missouri :     Onno, 

233. 
Fernle   shale,   Jurassic,   Allx^rta :    DowIIuk, 

285:  Leach,  643. 
Finnic  sandstone,  Cart>onlferouK,  Kentucky  : 

Olenn,  371. 
Fish  Creek  sandstone.  Carbon IferouH,  West 

Virginia,  Hennen,  447. 
FMshkill    limestone,    Cambrian,    New    York : 

Ilartnagel.  432. 
Fishpot   (**  Sewlckley ")    limestone  membor. 

I*ennsylvanlan,       iVunHylvanla :       Munn, 

782. 
Flaming      Gorge      formation,      Cretac<'Ous, 

Utah:  Lupton,  tWO. 
Floyd    formation,    MIsHlHslpplan.    OoorKia  : 

Maynard,  738. 
Floyd  limestone,  Dcvcmlan,  Iowa  :  ThomaR, 

1076. 
Forties   terrane,    Cretac«'ous,    Iowa :    Keyes. 

577. 
Fordham  gneiss,  pre-Cambrlan,  New  York : 

Ilartnagel,  432. 
Fort  Ancient  division,  <^)rdovlclan.  Ohio  and 

Kentucky:  Foehste.  327. 
Fort   Benton    formation,    CretaceouH,    Wyo- 
ming :  Jamison,  530. 
Fort  Ilays   limestone.   Cretaceous,   Kansas : 

I»arker,  826. 
Fort  Payne   chert,   Mlsslsslppian,  CJeorKln  : 

Maynard,  738. 
Fort  Riley  limestone,   Permian,  .Oklahoma  : 

Ohern  and  Garret  t,  803. 
Fort  Scott  formation,  Carl)onlferous,  Okla- 
homa:  Ohern  and  (larrett,  803. 
Fort  Union  formation.  Wyoming:  Jamison, 

539;  Winchester,   1231. 
Fort  Union   formation,    P'ocene.   North    Da- 
kota :  I^eonard,  654. 


Fort  T'nlon  formation.  Eocene,  Wyoming: 
Davis,  260. 

Fort  Union  fonnation,  Tertiary,  Montana : 
Beekly,  63;  Calvert,  167;  Herald,  448; 
Pepperberg.  842. 

Fort  Union  formation,  Tertiary,  North  Da- 
kota :  Plshel,  861. 

F(»rt  Union  formation.  Tertiary,  Wyoming: 
WeKcmann,  1170;  Woodruff  and  Win- 
cheHter,  1246. 

Fournler  group,  Ordovlclan  to  Devonian, 
New  Brunswick  :  Young,  1258. 

Fox  1 1  Ills  sandstone,  Oetaceous,  North  Da- 
kota :  I^'onard,  654. 

Fox  IllllH  sandstone.  Cretaceous,  Wyoming: 
.lanilHon,  540;  Wegemann,  1178,  1179. 

Fox  mils  Kundstone,  Wyoming:  Winchester, 
1231. 

Frankfort  shale,  Ordovlclan,  New  York : 
Ilartnagel.  432. 

Franklin  group.  Paleozoic,  British  Colum- 
bia :   Drysdale,   289. 

Franklin  limestone,  Algonklan,  Pennsylva- 
nia :  Miller,  757. 

Franklin  limestone,  pre-Cambrlan,  New 
York  :  Ilartnagel,  432. 

Franklin  series.  Eocene,  Washington : 
Kvans,  313. 

Fnnla  sandstone,  pre-Cambrlan,  Wisconsin  : 
Thwaltes,  1085. 

Freda  Handstoni^s.  Cambrian,  Michigan : 
Lane.  027. 

Frwlerlcksburg  group.  Cretaceous,  Texas : 
Paige,  817. 

Fulton  green  shale.  Carboniferous,  West 
Virginia  :   Hennen,  447. 

FurnaeevlIIe  Iron  ore,  Kllurlan,  New  York : 
Ilartnagel,  432. 

FuRon  shale,  Cretaceous,  Wyoming-South 
Dakota  :  Stone,  1045. 

(iabrlola  formation.  Cretaceous,  British  Co- 
lumbia :  (Mapp,   IK.'t. 

Catena  dolomite,  Ordovlclan,  Iowa:  Nor- 
ton ct  al,  800. 

Calena  terrane,  Ordovlclan,  Iowa:  Keyes, 
577. 

(Jalena-Trenton  limestone,  Ordovlclan,  Illi- 
nois:  Udden,  1117. 

(iaiisteo  sandstone.  Tertiary?,  New  Mexico: 
I^e.  648. 

<;ardeau  flacs  and  shale,,  I>evonlan,  New 
York  :   Ilartnagel,  432. 

(iaseonade  formation,  Cambrian,  Missouri: 
Crane,  233. 

<Jenesee  lM»d8,  Devonian,  New  York:  Hart- 
na>rel,  432. 

Oenesee  black  shale  member,  Devonian, 
West  Virginia  :  Stose  and  Swartz.  1058. 

(;enese«'  shale,  Devonian,  Ontario:  Stauf- 
fer.  1023. 

(it'orgia  iH'ds,  Cambrian.  New  York:  Hart- 
nagel,  432. 

(itHir^ian  group.  <^ambrlan.  New  York: 
Ilartnagel,  432. 
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Genundewa  limestone,  Devonian,  New 
York:  Hartnagcl,  432. 

Gering,  Ollgocene,  Nebraska  :   Osborn,  815. 

Gilbert  division,  Ordovlcian,  Kentucky : 
Foerste.  327. 

Gilboy  sandstone,  Carboniferous,  West  Vir- 
ginia :  Ilennen,  447. 

Gllmore  limestone.  Carboniferous.  West  Vir- 
ginia :  Hennen,  447. 

Ollmore  sandstone,  Carboniferous.  West 
Virginia :  Hennen,  447. 

Girardeau  formation,  Silurian,  Missouri : 
Crane,  233. 

Girardeau  limestone,  Silurian,  Illinois : 
Lines,  670. 

Glacier  division.  Cambrian,  British  Colum- 
bia :  Daly,  254. 

Glenerle  limestone,  Devonian,  Now  York : 
Hartnagel,  432. 

Glen  Park  limestone,  Devonian,  Missouri : 
Crane.  233. 

Glens  Falls  limestone,  Ordovlcian,  New 
York:  Hartnagel,  432. 

Glenwood  terrane,  Ordovlcian,  Iowa  :  Keyes, 
677. 

Gloucester  formation.  Paleozoic,  British  Co- 
lumbia :  Drysdale,  280. 

Goldenvllie  formation,  Cambrian  or  pre- 
Cambrlan,  Nova  Scotia :  Faribault,  318. 

Goodridge  formation.  Carboniferous,  Utah : 
Woodruff,  1243. 

Goodsir  formation,  Ordovlcian,  British  Co- 
lumbia :  Allan,  0 ;  Walcott,  1146. 

Goose  Bay  argllllte,  British  Columbia  :  Mc- 
,  Connoll,  694. 

Goshen  mica  schist,  Vermont :  Ultchcock, 
473. 

Grafton  sandstone.  Carboniferous,  West 
Virginia  :   Ilonnen,  447. 

Grand  Falls  chert.  Mississippian,  Okla- 
homa :  Snider,  1005. 

Graneros  Hhalo.  Crotacoous,  Wyoming-South 
Dakota  :  Stone,  1045. 

Graneros  shale,  I'pper  Cretaceous,  Colo- 
rado :  Stose,  1050. 

Grassy  black  shales,  CarlM)nifen)U8,  Iowa. 
Missouri :  Keyos.  578. 

Grassy  black  shale,  Carlwniferous,  Mis- 
souri :  Keyes.  578. 

Grassy  terrane,  Carboniferous,  Iowa  :  Keyes, 
577. 

Graves  Creek  formation,  IMeistoeene,  Ken- 
tucky :  Ulenn,  37.1. 

Graydon  sandstone,  rennsylvanlan,  Mis- 
souri :  Crane.  233. 

Great  Copper  lIarl)or  conglomerate,  Cam- 
brian, Michigan  :  Lane,  627. 

Great  Valley  limestone,  Cambrian,  Penn- 
sylvania :  Eaton.  303. 

Greenbrier  limestone,  Mississippian,  Vir- 
ginia :  Branson.  103. 

Greenbrier  limestone  meml)er,  Mississippian, 
Pennsylvania :  Munn,  782. 

Careen  River  formation,  Eocene,  Colorado : 
Lee,  647. 


Green  River  formation,  Tertiary,  Utah : 
Lupton,  600. 

Greene  formation,  Permian,  Pennsylvania : 
Munn,  782. 

Greenhorn  limestone.  Upper  Cretaceous, 
Colorado :  Stose,  1056. 

GrenvUle  series,  New  York :  Smyth,  1004. 

Grenville  series,  pre-Cambrian,  New  York : 
Hartnagel,  432. 

Grenville  series,  pre-Cambrlan,  Quebec : 
Stansfleld.  1018. 

Grimes  sandstone,  Devonian,  New  York : 
Hartnagel,  432. 

Guelph  dolomite,  Silurian,  New  York :  Hart- 
nagel, 432. 

Gunfllnt  Iron-bearing  formation.  pre-Cam- 
brian,  Minnesota  :  Zapffe,  1260. 

Gunnison  forniation,  Jurassic^  Colorado: 
Lee,  647. 

Gunn  Peak  formation,  Carlx>niferous?, 
Washington:  Weaver,  1168. 

Gunter  sandstone  member,  Cambrian.  Mis- 
souri :  Crane,  233. 

Gwynedd  formation.  Triassic,  I*ennsylva- 
nia:  Wherry,  1191. 

Halifax  formation.  Cambrian  or  pre-Cam- 
brian.  Nova  Scotia  :  Faribault,  318. 

Hamilton,  Devonian.  New  York :  Kindle, 
581. 

Hamilton  beds.  Devonian,  New  York :  Hart- 
nagel.  432. 

Hamilton  beds,  Devonian,  Ontario :  Stauf- 
fer,  1023. 

Hamilton  formation.  Devonian.  Missouri : 
Crane,  233. 

Hamilton  formation,  Devonian.  Pennsyl- 
vania :  Miller,  757. 

Hamilton  limestone  and  shale,  Devonian, 
Illinois:  Lines.  670. 

Hamilton  shale  member.  Devonian,  West 
Virginia  :  Stose  and  Swartz,  1058. 

Hannibal  shales.  Carboniferous.  Iowa.  Mis- 
souri :   Keyes.    578. 

Hannibal  shale,  Mississippian,  Missouri  : 
Crane,   233. 

Hannibal  terrane.  Carboniferous.  Iowa : 
Keyes,   577. 

Hanover  shales,  Devonian,  New  York : 
Hartnagel,   432. 

Ilardyston  quartzite,  Cambrian.  Pennsyl- 
vania :   Miller,   757 ;   Peck.   8:«). 

Harlan  sandstone.  Carboniferous,  Ken- 
tucky :   Dil worth,   284. 

Harrison,  Oligocene  and  Miocene,  Ne- 
braska :  Osborn,  815. 

Harrison  diorlte.  pre-Cambrlan,  New  York  : 
Hartnagel,   432. 

Ilartwick  terrane,  Silurian,  Iowa :  Keyes, 
577. 

Haslam  formation.  Cretaceous,  British  Co- 
lumbia :  Clapp.  18.3. 

Hatch  shale  and  flags,  Devonian,  New 
York:  Hartnagel,  432. 

Hawarden  terrane,  Cretaceous,  Iowa : 
Keyes,  577. 
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BuMon  group,  Janisslc.  British  Colum- 
Ua:  Malloch,  716. 

Hedges  shale.  Carboniferous.  West  Vir- 
ginia :  Stose  and  Bwarts,  1058. 

Helderberg  limestone,  Devonian,  West  Vir- 
ginia, Pennsylvania,  Maryland :  Stoi«c 
and  Swarts,  1058. 

Helderbergian  groap,  Devonian :  IlartnaKol, 
432. 

Helderbergian    series.    Devonian,    Ponnsyl 
vanla:  Miller,  757. 

Henrietta  dlorlte  porphyry,  Tertiary,  Mox 
ico:  Lee,  650. 

Henrietta   formation.    Pennsylvanlan,    Mis 
sonrl:  Crane,  233;  Hinds,  470. 

Herlngton  limestone.   I*ermian,   Oklahoma 
Ohem  and  Garrett,  803. 

Hickory      sandstone,      Cambrian.      Texas 
Paige,  817. 

High    Palls    shale,    Silurian,    New    York 
Hartnagel.  432. 

Hlghpoint  sandstone,  Devonian,  New  York 
Hartnagel,  432. 

Hinton  formation,  Mississippian,  VlrKlnia 
Branson,   103. 

Hits  layer,  Ordovldan,  Indiana :  Foorste 
327. 

Hogshooter  limestone.  Carboniferous,  Okla 
homa :  Ohem  and  Garrett.  803. 

Holston,  Ordovldan,  Tennessee :  Gordon 
and  Jarvis,  383. 

Homewood  sandstone  member,  Pennsylva- 
nlan, Kentucky :   Phalen.   8.')0. 

Honselkas  limestone.  Triasslc,  California : 
Smith,  005. 

Howard  arkose  formation,  Tertiary,  Wash- 
ington:  Weaver,   1168. 

Hoyt  limestone.  Cambrian,  New  York : 
Hartnagel,  432. 

Hosameen  series.  Carlmnifcrous.  British 
Columbia:  Camsell.   164. 

Hudson  River  formation.  Ordovician.  Mis- 
souri :  Crane.   233. 

Hudson  River  formation.  Ordovician,  IVnn- 
sylvania :   Katon.   30.'t. 

Hundred  sandstone,  Cart>oniferou8,  Went 
VlrKlnia :    Hennen,    447. 

Huron  shale,  Devonian,  Ohio :  Kindle,  .^81  ; 
Prosser,  872. 

Huron  shale,  Waverlyan,  Ohio :  I'lrich. 
1122. 

Iluronian?,  pre-Cambrian,  New  York:  Ban- 
croft, 43. 

Iluronian.  pre-Cambrian,  Ontario :  Colllna. 
218;  Moore,  780. 

Huronlan,  pre  -  (^ambrian,  Ontario  and 
Quebec:  Wilson,  1220. 

Iluronian  rocks,  prc-Camt)rian,  MichiKan : 
Lane,  627. 

Ice  River  formation,  British  Columbia : 
Burling,   135. 

Igallko  sandstone,  Devonian?,  Greenland: 
Usslng,   1130. 

lUinoian  drift.  Quaternary,  Illinois :  Udden, 
1117. 


Iowa  terrane,  Quaternary,  Iowa:  Keyes, 
577. 

Independence  terrane,  Devonian,  Iowa : 
Keyes,  577. 

Indian  I^adder  l)eds,  Ordovldan,  New  York  : 
Hartnagel,  432. 

In  wood  limestone,  pre  •  Cambrian.  New 
York:  Hartnagel,  432. 

Iowa  terrane.  Quaternary,  Iowa :  Keyes, 
577. 

lowan  drift.  Quaternary,  Iowa :  Norton  ei 
ah,  800. 

Irasburf?  conglomerate,  Ordovician,  Ver- 
mont :  Richardson.  004  ;  Richardson  and 
ColUster,  005 ;  Richardson  and  Conway, 
006. 

Irondequoit  limestone,  Silurian,  New  York  : 
Hartnagel.   432. 

Ithaca  beds,  Devonian.  New  York:  Hart- 
nagel, 432. 

Jacalitos  division.  Miocene,  California : 
I)uml)le,    203. 

Jameco  formation.  Quaternary,  New  York : 
Ilartnajjel,  432. 

James  River  formation,  upper  Cambrian, 
Nova  Scotia:  Williams.  1211. 

.TeflTerson  limestone.  Devonian.  Idaho  and 
rtah  :  Richards  and  Mansfield,  003. 

.TefTerHon  limestone,  Devonian,  Montana : 
Calvert,  150. 

Jefferson  City  formation,  Cambrian,  Mis- 
son  ri  :   Crane,  233. 

Jennings  formation.  Devonian.  West  Vir- 
ginia. Pennsylvania,  Maryland  :  Stose  and 
Swartz,   lO.'SH. 

Joachim  formation,  Ordovician.  Missouri : 
Crane,  233. 

John  Day.  OliRocene  and  Mio<"ene,  Oregon : 
O8!)orn,   815. 

Jollytown  Kandstone.  Carlioniforous,  West 
Virginia  :   Ilennen.  447. 

Jordan  sandstone,  Cambrian,  Iowa :  Norton 
v1  al.,  «(M). 

Jordon  terrane,  Cambrian.  Iowa :  Keyes, 
r»77. 

Jus  1  in  diorlte.  Cretaceous,  Alaska  :  Knopf, 
r.05. 

Judith  River  formation.  Cretaceous,  Mon- 
tana:    Pepperberjf.    842. 

Judith  River  formation.  Tertiary  (Kocene), 
.Montana :    l*eale.   837. 

Julianehaab  in*anite,  Al^onkian,  Greenland: 
I'RHinK.    1130. 

Juniata  formation.  Ordovldan,  West  Vlr- 
Klnia :   Stose  and   Swartz.   10.'>8. 

KaKawonK  l>ed«.  Ordovldan.  Ontario: 
Foerste.  320. 

Kalkberp  limestone,  IVvonian,  New  York: 
Hartnagel.  4.32. 

Kamishak  chert.  Triasslc,  Alaska :  Martin 
and   Katz,   721. 

Kamouraska  formation,  Cambrian,  Quel)ec : 
Dresser,  288. 

Kanouse  sandstone,  Devonian,  New  Jersey : 
,      Clarke,  108, 
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Kanouse  sandstone,  Devonian,  New   York: 

Hartnagel,  432. 
Kansan  drift.  Quaternary,  South  Dalcota: 

Shlmek,  076. 
Kansas  terrane.  Quaternary,  Iowa :  Keyes, 

577. 
Kansas     City     limestone,     Pennsylvanian, 

Missouri :  Hinds,  470. 
t^eefer   sandstone   member,    Silurian,    West 

Virginia,  Pennsylvania,  Maryland  :  Stose 

and  Swartz,  1058. 
Keewatin,     pre-Cambrian,     Ontario :     Bur- 
rows,  137 ;  Collins,   218 ;   Lawson,  037  ; 

Moore,  780. 
Keewatin,  pre-Cambrian,  Ontario  and  Que- 
bec: Wilson,  1220. 
KfM>watin,  pre-Cambrian,  Quebec :  Bancroft, 

43. 
Kwwatin   greenstones.    pre-Cambrian,   Min- 
nesota, Zapffe,  1260. 
Keewatin    rocks,    pre-Cambrian,    Michigan : 

Lane,  627. 
Keewatin    series.    prc-Cambrian,    Ontario : 

Hopkins,  491 ;  McMillan.  709. 
Keokuk  formation,  Mississippian,  Missouri : 

Crane.  233. 
Keokuk   limestone,    Mississippian,    Illinois : 

Lines,  670. 
Keokuk      terrane.      Carboniferous,      Iowa : 

Keyes,  577. 
Ketona  dolomite,  Alabama  :  Butts,  148. 
Kettle  River  formation,  Ollgocene?,  British 

Columbia:   Drysdale,  289. 
Kettle    River    formation.    Tertiary,    British 

Columbia  :  I^Roy,  655. 
Keweenaw     series,     Cambrian,     Michigan : 

Lane.  627. 
Keweenawnn,        pre  -  Cambrian,        Ontario, 

Moore,  780. 
Keweonawan    rocks,    Cambrian,    Michigan : 

Lane,  627. 
K«»W(M^nawan    rocks.    pre-<'ambrlan,    Minne- 
sota :  Zapffe,  1 260. 
Kilbuck    conglomorate,    Mississippian,    New 

York:  Hartnagel,  432. 
Klmmswick     formation,     Ordovician,     Mis- 
souri :  Crane,  233. 
Kinderhook    beds,    Mississippian,    Illinois: 

Lines.  670. 
Kinderhook    group.     Mississippian,     Iowa : 

Norton  et  ah,  800. 
Kinderhook    shale,    Mississippian,    Illinois: 

Udden,  1117. 
Kirkfiold    limestone,    Ordovician.    Ontario : 

Johnston,  557. 
Kirkwood      formation.      Quaternary,      New 

York  :  Hartnagel,  432. 
Kitchener     formntion,     Cambrian,     British 

Columbia:   Schofleld,  053. 
Klusha  intrusives.  Tertiary  or  Pleistocene. 

Yukon  :  Caimes,   149. 
Knapp  •  beds,    Mississippian.     New    York : 

Hartnagel,  432. 
Knight     formation,     Tertiary,     Wyoming: 

Sinclair  and  Granger,  985. 


Knob  Hill  group.  Paleozoic,  British  Colum- 
bia:  LeRoy,  655. 

Knobstone    formation,    Indiana:    Cumlngs, 
244. 

Knox    dolomite,    Cambro-Ordovlcian,    Geor- 
gia :  Maynard,  738. 

Knox     dolomite,     Ordovician,     Tennessee: 
Gordon  and  Jarvls,  383. 

Knoydart  formation,  Devonian,   Nova  Sco- 
tia:  Williams,  1211. 

Kootanie    formation.    Cretaceous,    Alberta: 
Dowling.  285. 

Kootenai    formation.   Cretaceous,  Montana : 
Calvert,   158,  159. 

Kootenay   formation.   Cretaceous,   Alberta : 
lA^ach,  643. 

Kummer      series.      Eocene,      Washington : 
Evans,  313. 

Laberge    series,    Jurassic-Cretaceous,     Yu- 
kon :  Cairnes,  149. 

Labette  shale,  Carboniferous,  Oklahoma : 
Ohern  and  Garrett,  803. 

I^adentown  diabase,  Jura-Trias,  New  York : 
Hartnagel,   432. 

Lafayette  formation,  Pliocene,  Kentucky : 
Glenn,  373. 

Lafayette  formation,  Pliocene?,  North  Caro- 
lina :  Clark  et  al.,  193. 

I^fayette  formation.  Pliocene?,  Virginia: 
Clark  and  Miller,  192. 

LaFayette  group,  Tertiary,  Missouri : 
Crane,  233. 

LaGrange  group.  Tertiary,  Missouri : 
Crane,  233. 

Lake  Shore  traps,  Cumbrian,  Michigan : 
Lane,  627. 

Lalcota  sandstone.  Cretaceous,  Wyoming- 
South   Dakota :    Stone,    1045. 

Lamotte  formation,  Cambrian,  Missouri : 
Oane,  233. 

Lance  formation,  Wyoming :  Winchester, 
1231. 

Lance  formation.  Cretaceous  or  Tertiary, 
Montana  :  Beekly,  63 ;  Calvert,  157 ; 
Herald,  448. 

Lance  formation,  Cretaceous  or  Tertiary, 
North  Dakota  :  Leonard,  654. 

Lance  formation.  Cretaceous  or  Tertiary, 
Wyoming:    Wogemann,    IITO. 

Langston  limestone,  ('aml)rian,  Idaho  and 
I'tah  :  Richards  and  Mnnsndd,  903. 

I^nsdale  raombor,  Triassic,  Pennsylvania : 
Wherry,   1191. 

Lansing  formation,  Pennsylvanian,  Mis- 
souri :   Hinds,  470. 

Laona  sandstone,  Devonian,  New  York : 
Hartnagel,    432. 

La  Plata  sandstone,  Jurassic,  Utah  :  Wood- 
ruff, 1243. 

Laramie  formation,  Cretaceous,  Colorado 
and   New  Mexico  :   Lee,  648. 

Laramie  formation.  Cretaceous,  Wyoming: 
Jamison,  539,  540. 
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Laimmle  formation,  Cretaceous  and  Ter- 
tiary, Manitoba  and  Saskatchewan :  Ries 
and  Keele,  016. 

Larder  slates  and  dolomites,  pre-Cambrian, 
Ontario  and  Quebec;  Wilson,  1220. 

LaSalle  limestone,  Pennsylvanian,  IllinoiH : 
Lines,  670. 

Laughery  formation,  Ordovician,  Indiana : 
Foerste,  327. 

Laurention,  pre-Cambrian,  New  York : 
Bancroft,  43. 

Laurention,  pre-Cambrian,  Ontario :  Bur- 
ro?ni,  137;  Collins,  218;  Lawson,  637; 
Moore,  780. 

Laorentian,  pre-Cambrian.  Ontario  and 
Quebec:  Wilson,   1220. 

Laurentian  series,  pre-Cambrian,  Ontario : 
Hopkins,  491. 

lAwrence  tcrrane.  Cretaceous,  Iowa : 
Keyes,  577. 

Leadville  limestone.  Carboniferous,  Colo- 
rado: Patton  et  al.,  834. 

LeClaire  terrane,  Silurian,  Iowa :  Keyes, 
577. 

Lee  conglomerate.  Carboniferous,  Ken- 
tucky: Dilworth,  284. 

Lee  formation.  Carboniferous,  Kentucky : 
Miller,  756. 

Leech  River  formation.  Carboniferous?, 
British  Columbia  (Vancouver  Island)  : 
Clapp,  182 ;  Clapp  and  Allan,  185. 

Lehigh  limestone,  Ordovician,  Ponnsyl- 
vania :  Peck,  830. 

Leitchfleld  formation,  Mlsslssippian,  Ken- 
tucky: Qlenn,  373. 

Leithsville  formation,  Cambrian,  Pennsyl- 
vania:  Peck,  830. 

Leithsville  shaly  limestone,  Cambrian,  Penn- 
sylvania:  Miller,  757. 

Lenapah  limestone.  Carboniferous.  Okla- 
homa :  Ohem  and  Garrett,  803. 

Jjenoir  beds,  Ordovician,  Tennessee :  Gor- 
don and  JarviH,  .383. 

Leray  limestone,  Ordovician,  New  York : 
Hartnagel,  432. 

Levis  formation.  Ordovician,  Ontario :  Ray- 
mond, 888. 

Lewis  shale.  Cretaceous,  Colorado  and  New 
Mexico:  Lee,  648. 

Lewis  shale,  Cretaceous,  Wyoming :  Jami- 
son, 539. 

Lewiston,  Silurian,  New  York :  Hartnagel, 
432. 

L^'yden  pbyllite,  Vermont :   Hitchcock,  473. 

Lime  Creek  shale,  Devonian,  Iowa  :  Norton 
et  al.,  800. 

Lime  Creek  shales,  Devonian,  Iowa :  Keyes, 
578. 

Lime  Creek  terrane,  Devonian,  Iowa :  Keyes, 
577. 

Lincoln  formation,  Ollgocene,  Washington : 
Weaver,  1169. 

L*l8let  formation,  Cambrian,  Quebec :  Dres- 
ser, 288. 


Lisman  formation,  Pennsylvanian,  Ken- 
tucky: Glenn.  373. 

Listmore  formation,  Pennsylvanian?,  Nova 
Scotia:    Williams,    1211. 

Little  Falls  dolomite,  Cambrian,  New  York : 
Hartnagel,  432. 

Little  Pine  Ridge  sandstone.  Cretaceous, 
Wyoming :  Jamison,  540. 

Livingston  conglomerate.  Carboniferous, 
Kentucky  :  Miller,  750. 

Livingston  formation.  Cretaceous,  Montana : 
Calvert,  158. 

Lloyd  sand.  Cretaceous,  New  York :  Hart- 
nagel. 432. 

Lockatong  formation,  Trlassic,  New  Jer- 
sey:  Wherry,  1191. 

Lockhart  formation,  Mississipplan.  Ken- 
tucky: Glenn,  373. 

Lockport  dolomite,  Silurian,  New  York : 
Hartnagel,  432. 

Ix>gan  formation,  MisslKsippian,  Kentucky : 
Phalen,  850. 

Logan  formation,  Mississipplan,  Ohio : 
Hyde,  528. 

liOgan  Kills.  pre-Cambrian.  Minnesota : 
Zapffe.  1260. 

I^)ng  Beards  Ritfs  sandstone,  Devonian, 
New  York :  Hartnagel,  432. 

liongwood  shale,  Silurian,  New  York :  Hart- 
nagel, 432. 

Iy)okout  formation,  Pennsylvanian,  (leorgia  : 
Maynard,  738. 

Lorraine,  Ordovician,  New  York :  Hartna- 
gel, 432.      . 

Ix>rralne  shale,  Ordovician,  Pennsylvania : 
Ziegler,  1262. 

Lost  Cabin  formation.  Eocene,  Wyoming : 
Osborn,  815. 

I^)8t  Cabin  formation.  Tertiary,  Wyoming : 
Sinclair  and  Granger.  985. 

Louisiana  limestone.  Carboniferous,  Iowa, 
Missouri :  Keyes,  578. 

Louisiana  limestone.  Mississippian,  Mis- 
souri :  Crane,  233. 

Louisiana  terrane.  Carboniferous,  Iowa : 
Keyes,  577. 

Lower  Magnesian  limestone,  Ordovician, 
Illinois :  Lines,  670. 

Lowerre  quartzlte,  pre-Cambrian,  New 
York:  Hartnagel,  432. 

Ix)wville,  Ordovician,  Ontario :  Foerste,  329. 

Lowville  beds,  Ordovician,  Ontario :  Johns- 
ton, 5.">7. 

Ix)wville  formation,  Ordovician,  Ontario: 
Raymond,  888. 

Lowville  limestone,  Ordovician,  New  York: 
Hartnagel.  432. 

Lucas  terrane,  Devonian.  Iowa :  Keyes,  577. 

Ludlowvllle  shale,  Devonian,  New  York : 
Hartnagel.  432. 

Lyklns  formation.  Carboniferous,  Colorado : 
Glrty,  368. 

Lyslte  formation.  Eocene,  Wyoming:  Os- 
born, 815. 
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Lysite  formation.  Tertiary,  Wyoming:  Sin- 
clair and  Granger.  985. 

McAdam  formation,  Silurian,  Nova  Scotia : 
WUliama,  1211. 

McAra'8  Brook  formation,  Mlssissipplan, 
Nova  Scotia:  Williams.  1211. 

McKenzie  formation,  Silurian,  West  Vir- 
ginia, Pennsylvania,  Maryland :  Stose 
and  Swartz,  1058. 

McLeanslKjro  formation,  Carboniferous,  Illi- 
nois :  Shaw,  970. 

Mcrjennslmro  formation,  Pennsylvanlan, 
Illinois:  Lines,  670. 

McLeansboro  formation,  Pennsylvanlan, 
lilinolH :  Shaw  and  Savage.  972. 

Madison  limostone.  Carboniferous  (Missls- 
sippian),  Idaho  and  Utah:  Richards  and 
Mansfield,  903. 

Madison  limestone,  Mississlppian,  Montana  : 
Calvert,  159. 

Madisonvllle  limestone,  Carboniferous,  Ken- 
tucky :  Glenn,  371. 

Magothy  formation.  Cretaceous,  New  York : 
Ilartnagel,  432. 

Mahoning  sandstone  member,  Pennsylva- 
nlan, Ohio,  West  Virginia,  Kentucky : 
Phalen,  850. 

Malignant  Cove  formation,  Ordoviclan, 
Nova  Scotia:  Williams,  1211. 

Mancos  shale,  Cretaceous,  Colorado :  I.<ee, 
647,  648. 

Mancos  shale.  Cretaceous,  New  Mexico : 
Lee,  646. 

Mancos  shale,  Cretaceous,  Utah :  Lupton, 
680,  600. 

Mancos  shnlc,  Cretaceous,  Wyoming:  Wood- 
ruff and  Winchester,  1246. 

Manhattan  schist,  pre  -  Cambrian,  New 
York:  Hartnagel,  432. 

Manltoban.  Devonian,  Manitoba :  Kindle, 
584. 

Manllus  limestone,  Devonian,  New  York : 
Kindle,  581. 

Manllus  limestone,  Silurian,  New  York : 
Hartnagel,  432. 

Mannlngton  sandstone,  Carboniferous,  West 
Virginia  :  Ilennen,  447. 

Mansfield  sandstone.  MiSHlsslppian,  In- 
diana :  Cumlngs,  244. 

Maquoket^  shale,  Ordoviclan,  Illinois : 
Lines,  670. 

Maquoketii  shale.  Ordoviclan,  Iowa :  Nor- 
ton ct  al.,  800. 

Marais  des  Cygnes  torrane.  Carboniferous, 
Iowa :  Keyes,  577. 

Marble  Falls  limestone,  Pennsylvanlan, 
Texas:  Paige,  817. 

Marcellus,  Devonian,  New  York :  Kindle. 
581. 

Marcellus  black  shale,  Devonian,  New 
York:   Hartnagel,  432. 

Marcellus?  formation,  Devonian,  I*ennsyl- 
vania :  Miller,  757. 

Marcellus  shale,  Devonian,  Ontario:  Stauf- 
fer,  1023. 


Marcellus  shale  member,  Devonian,  West 
Virginia :  Stose  and  Swartz,  1058. 

Marietta  sandstone  (upper),  Carbonifer- 
ous, West  Virginia :  Hennen,  4^7. 

Marietta  sandstone  (lower).  Carbonifer- 
ous,  West  Virginia :  Hennen,  447. 

Maroon  conglomerate,  Pennsylvanlan  ?,  Colo- 
rado :  Lee,  647. 

Martinez  formation.  Eocene,  California : 
Dumble,  293. 

Martinsburg  shale,  Ordoviclan,  Pennsylva- 
nia:  Peck,  839. 

Martinsburg  shale,  Ordoviclan,  West  Vir- 
ginia :  Stose  and  Swartz,  1058. 

Martinsburg  shales.  Ordoviclan,  Pennsyl- 
vania :  Miller,  757. 

Matawan  formation,  Cretaceous,  New 
York:  Hartnagel,  432. 

Matfield  shale,  Permian,  Oklahoma  :  Ohern 
and  Garrett,  80.3. 

Mauch  Chunk  formation,  Miaslssippian, 
Pennsylvania :   Munn,  782. 

Maury  shale,  Waverlyan,  Tennessee :  Ul- 
rlch,  1122. 

Maysvllle  formation,  Ordoviclan,  Ohio: 
Fuller  and  Clapp,  346. 

Maxville  limestone,  Mississlppian,  Ken- 
tucky: Phalen,  850. 

Maxville  limestone,  Mississlppian,  Ohio: 
Hyde,  528. 

Mazanilla  series,  Costa  Rica :  Romanes, 
931. 

Meadvllle  limestone,  Mississlppian,  Penn- 
sylvania and  Ohio :  Prosser,  872. 

Medina  sandstone,  Silurian,  New  York : 
Hartnagel.  432. 

Meetinghouse  Hill  slate,  Vermont :  Hitch- 
cock, 473. 

Memphremagog  slates,  Vermont :  Hitchcock, 
473. 

Menteth  limestone,  Devonian,  New  York : 
Hartnagel,  432. 

Mesavorde  formation.  Cretaceous,  Colorado  : 
Lee,  647. 

Mesaverde  formation.  Cretaceous,  Colorado 
and  New  Mexico :  Lee,  648. 

Mesaverde  formation,  Cretaceous,  New  Mex- 
ico:  Lee,  646. 

Mesaverde  formation,  Cretaceous,  Utah : 
Lupton,  690. 

Mesaverde  formation,  rrotaceous,  Wyom- 
ing :  Jamison,  539 ;  Woodruff  and  Win- 
chester, 1246. 

Metchosin  volcanics,  Jurassic?,  British  Co- 
lumbia (Vancouver  Island)  :  Clapp,  182; 
Clapp  and  Allan,  185. 

Middlesex  shale.  Devonian,  New  York : 
Hartnagel,  4,32. 

Midway  volcanic  group,  Miocene?,  British 
Columbia  :  Drysdale,  289 ;  LoRoy,  655. 

Million  member,  Ordoviclan,  Kentucky : 
Foerste.  327. 

Millstone  grit  group.  Carboniferous,  New 
Brunswick :  Young,  1259. 
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Millstream  series.  Ordoviclan,  New  Bruns- 
wick: Young.  1258. 

Mlsiissippian  int>up.  Carboniferous:  Hart- 
naicel,  432. 

Misslsslppian  series,  Carboniferous,  Illinois : 
Shaw.  070. 

Missouri  group,  Pennsylvanian,  Iowa  :  Nor- 
ton et  at.,  800. 

JkUssourl  Rroup.  PennHylvnnlan,  Missouri : 
Hinds.  470. 

Missouri  s(>rles,  Pennsylvanian,  Missouri : 
Crane,  28.3. 

Moencoplo  formation,  I*ermlan(?),  Utah: 
Woodruff,  1243. 

Mohawklan  ^roup.  Ordovlclan,  New  York  : 
Hartnagel,  432. 

Monmouth  form.itlon.  Cretaceous.  New 
York:  Hartnagel.  432. 

Monongahela  formation,  Pennsylvnnian, 
Pennsylvania :  Munn.  782. 

Mononfcahela  formation,  I*onnsylvanlan, 
West  Vin?inia:  Phalen.  8r>0. 

Monongahela  series,  Carboniferous,  West 
Virginia  :  Ilennen,  447. 

Monroe  Creek,  Ollgocene.  Nebraska :  Os- 
bom,  815. 

Monroe  formation,  Silurian.  Ohio :  Stnuffer. 
1025. 

Montana  group.  Cretaceous,  Montana  :  Cal- 
vert, 158,  159. 

Montana  group.  Cretaceous,  Wyoming: 
Wegemann,  1170. 

Montecello  terrano.  Silurian,  Iowa  :  Keyes, 
677. 

Monterey  division,  Miocene,  Callfornln : 
Dumble,    203. 

Monterey  series,  Neocene,  Cnllfomla  :  Clark, 
188. 

Monterey  series.  Tertiary,  California  :  Mar- 
tin, 718. 

Montesano  formation,  Miocene.  Washing- 
ton :  Weaver,   1160. 

Montrose  chert.  Carboniferous,  Iowa  :  Van 
Tuyl,  1138. 

Monument  Creek  group.  Tertiary,  Colorado: 
Richardson,  008,  900. 

Morgantown  sandstone,  Carl>onlferou8. 
West  Virginia :  Ilennen.  447. 

Morgantown  ( ?)  sandstone  member,  Penn- 
sylvanian, Ohio,  West  Virginia,  Ken- 
tucky: Phalen,  850. 

Morrison  (?)  formation,  Cretaceous  or  Ju- 
rastric,  Montana:  Calvert,  150. 

Morrison  formation.  Cretaceous,  New 
Mexico:  I>ee,  646. 

Morrison  formation,  Ix)wer  Cretaceous  or 
Jurassic,   Colorado :   Stose.   lO.'iO. 

Morrison  formation,  Jurassic.  Wyoming : 
Jamison,  530,  540;  Wegemann,  1178. 

Morrison  shale.  Jurassic  or  Cretaceous. 
Wyoming-South  Dakota  :  Stone,  1045. 

Moscow  shale,  Devonian,  New  York :  Hart- 
nagel, 432. 

Moahelm  limestone,  Ordovlclan,  Tennessee : 
Gordon  and  Jarvis,  383. 


Mount  Morris  limestone.  Carboniferous, 
West  Virginia  :  Hennan,  447. 

Mount  Stevens  group.  Paleozoic,  Yukon : 
Calrnes.  140. 

Mt.  Whyte  formation,  Cambrian,  nrltish 
Columbia :  Allan,  0. 

Mowry  beds.  Cretaceous,  Wyoming: 
Jamison,  540. 

Mowry  nhale  member,  Crt^tac«*ous,  Wyo- 
ming:  Wegemann,   1178. 

Moydart  formation.  Silurian,  Nova  Scotia: 
Wmiams.   1211. 

Moyle  formation,  Cambrian,  British  Colum- 
bia :  Schofleid,  053. 

Mulford  formation,  Pennsylvanian,  Ken- 
tucky :  (;ienn,  373. 

Murphy  marble,  Cambrian.  (Georgia :  May- 
nard,  738 

• 

Myers  siiab'.  Ca  rlwnlferous.  West  Vir- 
ginia :  Stose  and  Swartz,  1058. 

Nakn<>k  formation,  Jurassic,  Alaska  :  Mar- 
tin and  Katz,  721. 

Nanalroo  series.  Cretaceous,  Hrltlsh  Colum- 
bia :  i'lapp,  183. 

Nanjemoy  formation.  Eocene,  Maryland : 
Miller,  758. 

Nanjemoy  formation,  Kocene,  Virginia : 
Clark  and  Miller,  102. 

Naples  iM'ds,  Devonian,  New  York :  Hart- 
nagel, 432. 

Nass  formation.  British  Columbia  :  McCon- 
nell.  605.  606. 

Nazareth  limestone,  Ordovlclan,  Pennsyl- 
vania :  Miller,  757 ;  Peck,  K.30. 

Nebraska  terrane.  Quaternary,  Iowa : 
Keyes,  577. 

Nebraskan  drift,  Quaternary,  South  Da- 
kota :  Shimek,  076. 

Neelytown  limeHtono,  Cambrian,  New  York: 
Hartnagel,  432. 

Nelson  batholith,  Jurassic?,  British  Colum- 
bia:  LeUoy,  656. 

Nenanu  gravel.  Tertiary,  Alaska :  Capps, 
170. 

New  Albany  black  shale,  Indiana :  (tim- 
ings, 244. 

Newark  group,  Trlasslc,  North  Carolina : 
Stone,   1046. 

Newark  group,  Trlasslc,  Pennsylvania : 
Wherry,  1101. 

Newark  series,  Jura-Trias,  New  York : 
Hartnagel.   432. 

Newark  series,  Trlasslc,  Pennsylvania : 
Eaton.  .303. 

Newcastle  formation,  Cretaceous,  British 
Columbia  :  Clapp,  183. 

Newfoundland  grit,  Devonian,  New  York : 
Clarke,  108. 

Newman  limestone.  Carboniferous,  Ken- 
tucky:  Miller,   756. 

New  I'rovidence  shale,  Indiana :  Cumlngs, 
244. 

New  Richmond  terrane,  Cambrian,  Iowa: 
Keyes,  577. 
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New  Scotland  formation,  Devonian,  Illinois : 

Lines,  670. 
New    Scotland    limestone,    Devonian,    N(>\v 

York:  Hartnagel,  432;  Kindle.  581. 
Niagara  dolomite,   Silurian,   Iowa :   Norton 

et  al,  800. 
Niagara     formation,     Silurian,     Missouri : 

Crane,  233. 
Niagara   limestone,   Silurian,   Illinois :   Ud- 

den«  1117. 
Niagara  limestone,   Silurian,  Ohio :   Fuller 

and  Clapp,  846. 
Nlagaran  group,  Silurian,  New  Yorlc :  Hart- 

nagel,  482. 
Nicola     series,     Trlassic     and     Jurassic?, 

British  Columbia:  Daly,  254. 
Nicoyan   series,   Miocene,   Costa  Rica :   Ro- 
manes, 032. 
Nineveh  limestone  member,  Permian,  Penn- 
sylvania: Munn,  782." 
Nineveh     sandstone,    Carboniferous,     West 

Virginia :  Hennen,  447. 
Niobrara    formation.    Cretaceous,    Kansas : 

Parlcer,  826. 
Niobrara  formation.  Cretaceous,  Manitoba : 

Ries  and  Keele,  916. 
Niobrara  formation.  Cretaceous,  Wyoming: 

Jamison,   540. 
Niobrara     shale.     Cretaceous,     Wyoming: 

Wegemann,  1178. 
Niobrara  terrane.  Cretaceous,  Iowa :  Keyes, 

677. 
Nlpisiguit  granite,  Devonian?,  New  Bruns- 
wick: Young,   1258. 
Nipissing    diabase,    pre-Cambrian,    Quebec : 

Wilson,  1221. 
Nlsconlith     series,     pre-Cambrian,     British 

Columbia:  Daly.  255. 
Nishnabotna     terrane.     Cretaceous,     Iowa : 

Keyes,  577. 
Nisky  limestone,  Ordovician,  Pennsylvania  : 

Miller,  757. 
Nltinat    formation,    Jurassic    or    Triassic?, 

British    Columbia     (Vancouver    Island)  : 

Clapp,  182;  Clapp  and  Allan.  185. 
Nonesuch  formation,  pre-Cambrian,  Wiscon- 
sin :  Thwaites,  1085. 
Nonesuch      shales,      Cambrian,      Michigan, 

Michigan  :  Lane,  627. 
Normanskill  shale,  Ordovician,  New  York : 

Hartnagel,  432. 
Norrlstown    formation,    Trlassic,    Pennsyl- 

vania  :  Wherry,  1101. 
Northumberland       formation.       Cretaceous. 

British  Columbia  :  Clapp.  183. 
Nounan    limestone,    Cambrian,    Idaho    and 

Utah  :  Richards  and  Mansfield,  903. 
Nowata    shale.    CarlK)niforous,    Oklahoma : 

Ohem  and  Garrett,  803. 
Nugget    sandstone,     Jurassic     or     Triassic, 

Idaho  and  Utah  :  Richards  and  Mansfield, 

903. 
Nugget     sandstone,     Trlassic    or    Jurassic, 

Utah:  Boutwell,  02. 


Nunda  sandstone,  Devonian,  New  York : 
nartnagel,  432. 

Nussbaum  formation.  Pliocene  (?),  Colo- 
rado: Stose,  1056. 

Ohio  Creek  conglomerate.  Eocene,  Colorado : 
I>ee,  647. 

Ohio  shale,  Devonian.  Illinois :  Lines,  670. 

Ohio  shale,  Devonian.  Ohio:  Hyde,  528; 
Prosser,  872;  StaufTer,  1025. 

Ohio  shale  group,  Devonian,  Ohio :  Kindle, 
581. 

Olean  conglomerate,  Pennsylvanlan,  New 
York:  Hartnagel,  432. 

Olentangy  shales,  Devonian,  Ohio:  Kindle, 
581 ;   StaufTer,   1025. 

Oljato  sandstone  member,  Permian,  Utah : 
WoodruCr,    1243. 

Olmsted  shale,  Ohio :  Cushing,  246. 

Olmsted  shale,  Devonian,  Ohio :  Kindle, 
681. 

Olmsted  shale,  Waverlyan,  Ohio:  Ulrlch. 
1122. 

Oneida  conglomerate,  Silurian,  New  York : 
Hartnagel,    432. 

Oneonta  sandstone,  Devonian,  New  York : 
Hartnagel,  432. 

Oneota  terrane,  Cambrian,  Iowa :  Keyes. 
577. 

Onondaga,  Devonian,  New  York :  Kindle, 
581. 

Onondaga  formation,  Devonian,  Missouri : 
Crane,  233. 

Onondaga  limestone,  Devonian,  Illinois : 
Lines.  070. 

Onondaga  limestone,  Devonian.  New  York : 
Hartnagel.    432. 

Onondafxa  limestone,  Devonian,  Ontario : 
Stauffer,   1023,    1024. 

Onondaga  shale  member,  Devonian.  West 
Vlrplnia  :  Stose  and  Swartz,  1058. 

Onondaga  shale  member  of  Romnev  forma- 
tion, Devonian,  Maryland,  West  Vir- 
ginia, and  Virginia  :  Kindle,  581. 

Ouondagan  series,  Devonian,  Pennsylvania : 
Miller,   757. 

Ontarlan  sjstem.  pre-Cambrian,  Ontario : 
I^wson,    637. 

Ontaric  or  Sllurlc  system  :  Hartnagel,  4.32. 

Orange  group,  Cretaceous?,  Alaska  and  Yu- 
kon :   Calrnes.   154. 

Orange  group,  Mesozolc  (probably  Cretace- 
ous), Alaska  and  Yukon:  Calrnes,  150. 

Orangeville  formation,  Mississlpplan,  Ohio: 
I*rosser.   872. 

Orang<'vilIe  shale,  Ohio  :  Cushing,  240. 

Oread  limestone.  Carboniferous,  Oklahoma : 
Ohem  and  Garrett.  803. 

Oregonla  division,  Ordovician,  Ohio  and 
Kentucky :   Foerste,   328. 

Orienta  sandstone.  pre-Cambrian,  Wiscon- 
sin :   Thwaites,    1085. 

Orlndan.  Neocene,  California:  Clark,  188. 

Orlskanlan  group,  Devonian :  Hartnagel, 
432. 
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Ortikany,    DeYonlan,    New    York :    Kindle, 
'SSI. 

Orlskany  formation,  Devonian,  Pennsylva- 
nia:  Miller.  7G7. 

Orlakany  sandstone,  Devonian,  New  York : 
Hartnagel,   432. 

Oriskany  sandstone.  Devonian.  Ontario : 
Stauffer,    1023,   1024. 

Oriskany  sandstone,  Devonian.  West  Vir- 
ginia. Pennsylvania.  Maryland :  Stose 
and  Swartz,  1058. 

Oro  Grande  series,  California :  Ilershey, 
452. 

Oronto  group,  pre-Cambrlan,  Wisconsin : 
Thwaites.   1085. 

Osage  group.  Mlsslsslpplan.  Iowa :  Norton 
et  al,  800. 

Osage  series,  Carboniferous.  Iowa :  Van 
Tuyl,  1138. 

Offwayo  beds,  Mlsslsslpplan,  New  York : 
Hartnagel,  432. 

Ofcwegan  group,  Silurian :  Hartnagel.  432. 

Of>wego  sandstone,  Silurian,  New  York : 
Hartnagel,  432. 

Otis  terrane,  Devonian,  Iowa :  Key(«8.  577. 

Otselic  sands  and  shales,  Devonian,  New 
York:  Hartnagel,  432. 

Ottawa  gneiss.  pre-Cambrlan,  Quebec : 
Stansfleld,  1018. 

Ottertall  formation,  Cambrian,  British  Co- 
lumbia: Allan,  0;  Waleott,  1140. 

Outer  conglomerate,  pre-Cambrlun,  Wiscon- 
sin:  Thwaites.  1085. 

Outer  Copper  Harbor  conglomerate,  Cam- 
brian, Michigan  :  Lane,  027. 

Oxmoor  sandstone,  Mlsslsslpplan,  Georgia : 
Maynard.  738. 

Paget  formation,  Cambrian.  British  Colum- 
bia :  Allan.  9. 

Paint  Lick  member,  Ordovlclan,  Kentucky : 
Foerste,  327. 

Palisade  diabase,  Jura-Trias,  New  York : 
Hartnagel,  432. 

Pamella  formation.  Ordoviclan,  Ontario : 
Raymond.  888. 

Pamella  limestone,  Ordovlclan,  New  York  : 
Hartnagel.  432. 

Pamlico  formation,  Pleistocene,  North  Caro- 
lina :  Clark  et  al,  103. 

Pamunkey  gronp.  Eocene,  Maryland  :  Miller. 
758. 

Pamunkey  group.  Eocene,  Virginia :  Clark 
and  Miller,  192. 

Panamo  conglomerate,  Mlsslsslpplan,  New 
York:  Hartnagel.  4.^2. 

Paonia  shale  member.  Cretaceous,  Colo- 
rado :  I^e.  047. 

Papagallos  shales,  Cretaceous,  Mexico : 
Dumble,  294. 

Park  City  formation.  Carboniferous,  TUah  : 
Boutwell,  92. 

Parkhead  sandstone  member.  Devonian, 
West  Virginia  :  Stose  and  Swartz.  10,^8. 

Parkman  member.  Cretaceous,  Wyoming : 
Jami8oin»  540. 


Parkville  terrane.  Cretaceous,  Iowa  :  Keyes, 
577. 

Parrlsh  limestone,  iXevonlan,  New  York : 
Hartnagel,  432. 

PuMiyton  formation.  Lower  Cretaceous, 
British  Columbia  :  Camsell,  164. 

Paspotansa  marl  member,  Eocene.  Mary- 
land :  Miller,  758. 

Paspotansa  marl  memb<>r,  Flocene,  Virginia : 
Clark  and  Miller,  192. 

Patapnco  formation.  Cretaceous.  Virginia : 
Berry,  67. 

Patapsco  formation.  Lower  Cretaceous,  Vir- 
ginia :  Clark  and  Miller.  102. 

I'atuxent  formation.  Cretaceous,  North 
Carolina :  Clark  et  al,  193. 

Patuxent  formation,  Cretaceous,  Virginia : 
Berry,  67. 

Patuxent  formation,  I^wer  CretactH)us,  Vir- 
ginia :  Clark  and  Miller,  192. 

I*awne(»  limestone.  Carboniferous.  Okla- 
homa :  Ohern  and  Garrett,  803. 

Pearl  Harbor  series.  IMlocene.  Hawaiian 
Islands :  Hitchcock,  474. 

Pearl  Harbor  series.  Tertiary,  Hawaii : 
Hitchcock.  472. 

Peedee  sand.  Cretaceous,  North  Carolina: 
Clark  et  al,  193. 

Peeksklll  granite.  pre-Cambrian,  New  York: 
Hartnagel,  432. 

Pelona  schists,  California  and  Oregon : 
Ilershey,  452. 

I'end  d'Orellle  group.  Carboniferous?,  Brit- 
ish Columbia  :  Ix>Roy,  056. 

Pennington  shale,  Carboniferous,  Kentucky : 
Miller,  756. 

Pennsylvanlun  group.  Carboniferous :  Hart- 
nagel. 432. 

I'^nnsylvanian  series.  Carboniferous,  Illi- 
nois :  Shaw,  070. 

Pennsylvanian  series,  Illinois :  Udden,  1117. 

Pensauken  formation.  Quaternary,  New 
York:  Hartnagel,  432. 

Peoria  terrane,  Quaternary,  Iowa :  Keyes, 
577. 

Perkasle   member,    Triassic,    I'ennsylvania : 

Wherry,  1191. 
IVrkins  group,   Paleozoic,  Yukon  :   Cairnes, 

149. 

Perryvllle  member,  Ordovlclan,  Kentucky: 
Foerste,  327. 

I'hosphoria  formation,  Carboniferous  (Per- 
mian?), Idaho  and  Utah:  Hichards  and 
Mansfleld,  903. 

Pickering  gneiss.  pre-Cambrlan,  Pennsyl- 
vania :  Miller.  759. 

Pictured  Cliffs  sandstone.  Cretaceous,  Colo- 
rado and  New  Mexico :  Lee,  648. 

Pierre  formation.  Cretaceous,  Manitoba : 
Ries  and  Keele,  916. 

Pierre  formation.  Cretaceous,  Wyoming: 
.lamlson,  540:  Wegemann,  1178,  1179. 

Pierre  shale,  Cretaceous,  Kansas :  Parker, 
826. 


186  BIBLIOGRAPHY  OP   NORTH   AMERICAN   GEOLOGY,  1912. 

GEOLOGIC  FORMATIOirS  DE80BIBEI>— Continued. 


Pierre  shale.  Cretaceous,  Montana :  Beekly, 
63;  Calvert,  157. 

Pierre  shale.  Cretaceous,  South  Dakota : 
Perisho  and  Visher,  843. 

Pinkerton  sandstone.  Carboniferous,  West 
Virginia:  Stose  and  Swartz,  1058. 

Pinole  tuff,  Neocene,  California :  Clark.  188. 

Piscataway  member,  Eocone,  Maryland : 
Miller,  758. 

Piscataway  marl  member.  Eocene,  Virginia : 
Clark  and  Miller,  102. 

Pit  shales.  Triassic,  California :  Smith,  005. 

Pitkin  limestone,  Mlssissippian,  Oklahoma : 
f^nider.  1005. 

Pittsburgh  limestone  (upper),  Carbonifer- 
ous, West  Virginia :  Ilennen,  447. 

Pittsburgh  limestone  (lower).  Carbonifer- 
ous. West  Virginia :  ITennon,  447. 

Pittsburgh  red  shale,  Carboniferous,  West 
Virginia :  Hennen,  447. 

Pittsburgh  sandstone  (lower).  Carbonif- 
ous.   West  Virginia :    Hennen,  447. 

Pittsburgh  sandstone  member,  Ponnsylva- 
nlan,   Pennsylvania :   Munn,   782. 

Plttsford  shale,  Silurian,  New  York :  Hart- 
dagel,  432. 

Platte  terrane.  Cretaceous,  Iowa :  Keyes, 
577. 

Plattevllle  limestone,  Ordovlcian,  Illinois: 
Lines,  670. 

Plattevllle  limestone.  Ordovlcian,  Iowa : 
Norton  et  al.,  800. 

Plattevllle  terrane,  Ordovlcian.  Iowa : 
Keyes.  577. 

Plattin  formation,  Ordovlcian.  Missouri : 
Crane,  233. 

Plattsmouth  terrane.  Cretaceous,  Iowa : 
Keyes,  577. 

Pleasonton  formation.  Pennaylvanlan,  Mis- 
souri :  Crane.  233. 

Pleasonton  shale,  Pennsylvanian,  Mis- 
souri :  Hinds.  470. 

Plum  Point  marl  member,  Miocene,  Mary- 
land:  Miller.  758. 

Pochuck  gneiss,  prc-Cambrian,  Now  York : 
Hartnagel,  432. 

Pocomo  formation.  Mlssissippian,  Pennsyl- 
vania :  Munn,  782. 

Pohenagamuk  formation,  Ordovlcian.  Que* 
bee :  Dresser,  288. 

Point  Pleasant  formation.  Ordovlcian, 
Ohio :  Fuller  and  Clapp,  346. 

Pokegama  quartzltc,  pre-Cambrian.  Minne- 
sota:  Van  Barneveld,  1133. 

Ponca  terrane.  Cretaceous,  Iowa :  Keyes, 
577. 

Pont  lac  group,  pro-Cambrian.  Quebec : 
Wilson.  1221^ 

Pontlac  schist,  pro-Cambrian.  Ontario  and 
Quebec:  Wilson,  1220. 

Porcupine  group,  Ordovlcian  -  Silurian, 
Alaska  and  Yukon  :  Calrnos,  150. 

Portage  beds,  Devonian,  New  York :  Hart- 
nagel, 432. 


Port    Ewen    beds,    Devonian,    New    York: 

Hartnagel,  432. 
Port     Jervis     limestone,     Devonian,     New 

York:  Hartnagel,  432. 
Porter      shales,      Miocene,      Washington : 

Weaver,  1169. 
Porters    Creek   group.    Tertiary,    Missouri  • 

Crane,  233. 
Potapaco  clay  member.  Eocene,  Maryland : 

Miller.  758. 
Potapaco   clay   member.    Eocene,   Virginia : 

(Mark  and  Miller,  102. 
Potomac      group.      Cretaceous,      Virginia : 

Berry,  67. 

Potosi  dolomite,  Alabama :  Butts,  148. 

I*otosl     formation,     Cambrian,     Missouri : 
Crane,  233. 

Potsdam    formation,    Cambrian,    Pennsyl- 
vania :  Eaton,  303. 

Potsdam  sandstone,  Cambrian,  New  York : 
Hartnugol,  432. 

Potsdam    sandstone,    Ordovlcian,    Quebec : 
Vallquette,  1132. 

I'ottstown  member,  Triassic,  Pennsylvania  : 
Wherry,  1191. 

Pottsvllle    formation.    Carboniferous,    Ala- 
bama :  Munn,  786. 

Pottsvllle    formation,    Pennsylvanian,    Illi- 
nois :  Lines,  670. 
■  Pottsvllle   formation,    Pennsylvanian,    Ken- 
tucky :  Phalen,  850. 

Pottsvllle  formation,  Pennsylvanian,  Penn- 
sylvania :  Munn,  782. 

Pottsvllle    sandstone,    Carboniferous,     1111- 
nois :  Shaw,  970. 

Pottsvllle    sandstone,    Pennsylvanian,    Illi- 
nois :  Shaw  and  Savage,  072. 

Poughquag      quartzite,      Cambrian,       New 
York  :  Hartnagel,  432. 

Poxino   Island   shale,   Silurian,  New   York : 
Hartnagel,  432. 

Prairie  du  Chlen  group,  Ordovlcian,  Iowa  : 
Norton  ct  al.,  800. 

Prattsburg      sandstone,      Devonian,      New 
York  :  Hartnagel,  432. 

Price    sandstone,    Mlssissippian,    Virginia : 
Branson,  103. 

Prichard    formation,     pre-Cambrlan :     Her- 
shey,  452. 

Prichard   formation,    pre-raml)rian,    Idaho : 

Huston,  527. 
Proctor    formation,     Cambrian,    Missouri : 

Crane,  233. 
Proctor    sandstones,    Carboniferous.    West 

Virginia  :    Hennen,  447. 
Prosperity     limestone     member,     Permian, 

Pennsylvania  :  Munn,  782. 
Protection    formation,    Cretaceous,    British 

Columbia  :  Clapp,  183. 
Puerco    formation,   Tertiary,   New   Mexico : 

Lee,  G48. 
Puerticltos    limestone.    Tertiary,    Mexico : 

Lee,  650. 
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Facet     formation.     Eocene,     Washington : 

Brana,  813 ;  Weayer,  1 169. 
Pnlaaki     shale,     Mississipplan,     Virginia : 

Branson,  103. 
Pulaski     shale,     Ordovician,     New     York: 

Ilartnagel,  432. 
Pnnta  de  la  Mesa  sandstone  member,  Cre- 
taceous, New  Mexico :  Ixk*,  648. 
Purcell  series,   Cambrian?,   British    Colum- 
bia: Schofleld,  05:t. 
Purgatoire    formation,    Lower    CretacoouH, 

Colorado:  Stose,  1056. 
Purslane    sandstone,    i'arbonifcrouR,    West 

Virginia,         Pennsylvanin,         Maryland : 

Stose  and  Swartz,  1058. 
Quadrant    formation.    Carboniferous,    Mon- 
tana:  Calvert,  150. 
Quebec  City  formation,  Ordovician,  Ontario  : 

Raymond,  888. 
Queenston,     Silurian,     New     York :     ilart- 
nagel, 432. 
Queenstown    shales,    Ordovician,    Ontario : 

Foerste,  320. 
Ralston  formation,  Eocene,  Wyoming:  Oh- 

born,  815. 
Rapid    terrane,    Devonian,    Iowa :    Keyen, 

577. 
Raquet   series,    Carboniferous,'  Alaska   and 

Yukon :  Caimes,  150. 
Raritan  formation,  Cretaceous,  New  York  : 

Ilartnagel,  432. 
Ravenswood     granodiorite,     pre-Cambrian, 

New  York :  Ilartnagel,  432. 
Rawhide  formation,  Carboniferous,  British 

Columbia :  LeRoy,  655. 
Redstone  limestone  member,  Pennsylvanian, 

I'ennsylvanla  :  Munn,  782. 
Reese  formation.  Tertiary,   Montana :   Cal- 
vert, 159. 
Rensselaer     grit,     Devonian,     New     York : 

Ilartnagel,  432. 
Revett     formation,    pre-Cambrian,     Idaho : 

llershey,  452. 
Rex   Chert    member,    Carboniferous,    Idaho 

and  Utah:  Richards  and  Mansfiold,  00:L 
Rhinestreet    shale,    Devonian,    New    York : 

Ilartnagel,  432. 
Richmond   formation,   Ordovician,    Illinois : 

Lines,  670. 
Richmond     formation,     Ordovician,     Ohio : 

Fuller  and  Clapp,  34G. 
Ripley      formation,      Cretaceous,      Illinois : 

Lines,  670. 
Riverside    sandstone,     Indiana :     Cumings, 

244. 
Riverside  terrane,   Tertiary,    Iowa :    Keycs, 

577. 
Rochdale    group,     Cambrian,     New     York : 

Ilartnagel,  432. 
Roche  Miette  limestone,  Devonian,  Alberta : 

Dowllng,  285. 
Rochester     shale,      Silurian,     New     York : 

Hartnagel,  432. 
Rockcastle  series,  Carboniferous,  Kentucky  : 

MlUer,  756. 


Rockmart    shales    and    slates,    Ordovician, 

Georgia  :  Maynard,  738. 
Rockport    llmeMlones,    Carboniferous,    West 

Virginia :  Ilennen,  447. 
Rockwell    formation,    Carboniferous,    West 

Virginia,  PennHylvania,  Maryland :  Stose 

and  Swartz,  1058. 
itockwood    formation.    Silurian,    Tennessee : 

Maynard,  738. 
Rockwood   formation,   Silurian,  Tennessee : 

Gordon  and  Jarvls,  383. 
Rogers  Gap  division,  Ordovician,  Kentucky  : 

Foerste.  327. 
Rollins    sandstone.    Cretaceous,     Colorado : 

U'e.  047. 
Rome  formation,  Cambrian,  Georgia  :  May- 
nard, 738. 
Rome     formation,     Cambrian,     Tennessee : 

Gordon  and  Jarvls,  383. 
Romney    shale,    Devonian,    West    Virginia 

and  Maryland :  Kindle,  581. 
Romney    shale,    Devonian,    West    Virginia, 

Pennsylvania,      Maryland :      Stose      and 

Swartz,  105K. 
Rondout    waterlime,   Silurian,   New   York : 

Ilartnagel,  432. 
Rosamond     series :     Tertiary,     California : 

Baker,  39. 
Rosebud,    Oligocene    and    Miocene,    South 

Dakota :  Osborn,  815. 
RoR(>bud  formation.  Tertiary,  South  Dakota  : 

Perisho  and  Vlsher,  843. 
Rosendalc  waterlime,  Silurian,  New  York : 

Ilartnagel,  432. 
Roslyn     formation,     Eocene,     Washington : 

Weaver,  1109. 
Ross     Brook     formation,     Silurian,     Nova 

Scotia:  Williams,  1211. 
RoHsland  volcanic  group,  Carboniferous  or 

l>ost-Carl>oniferous,      British      Columbia : 

lA'Roy,  650. 
Roubidoux  formation,  Cambrian,  Missouri : 

Crane,  233. 
Royal  ton    formation,    Mississlpplan.    Ohio : 

Prosser,  872. 
Hush   Run   sandstone,   Carboniferous,   West 

Virginia:  Ilennen,  447. 
Ruth  limestone,  Nevada :  llershey,  452. 
Uysedorph    conglomerate,    Ordovician,   New 

York  :   Ilartnagel,  432. 
Saanich     granodiorite,     British     Columbia 

(V^ancouver  Island)  :  Clapp,  182. 
Saanich    granodiorite,    Jurassic    and    Cre- 
taceous?,   British    Columbia:    Clapp    and 

Allan,  185. 
Kabula     terrane,     Silurian,     Iowa :     Keyes, 

577. 
Saclin    formation.   Quaternary,   Nicaragua : 

llershey,  450. 
Sagamore  sandstone  lentil,  Devonian,  Ohio : 

Prosser,  872. 
St.  Charles  limestone,  Cambrian,  Idaho  and 

Utah  :  Richards  and  Mansfield,  003. 
St.     Clair     marble,     Silurian,     Oklahoma: 

Snider,  1005. 
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St  Crolxan  or  Upper  Cambrian:  Walcott, 
1149. 

Ste.    Genevieye    formation,    Mississippian, 

Missouri :  Crane,  233. 
St*.    Genevieve     limestone,    Mississippian, 

Illinois:  Lines,  670. 
St  Lawrence  formation,  Cambrian,  Iowa: 

Norton  et  al.,  800. 
St    Lawrence    terrane,    Cambrian,    Iowa : 

Keyes,  577. 
St.   Louis  group,   Mississippian,   Missouri : 

Crane,  233. 
St  Louis  limestone,  Mississippian,  Illinois : 

Lines,  670. 
St    Louis    terrane,    Carboniferous,    Iowa : 

Keyes,  577. 
St  Marys  formation,  Miocene,  Maryland : 

Clark  and  Miller,  192. 
St     Marys     formation,     Miocene,     North 

Carolina :  Clark  ct  al.,  193. 
St    Peter   sandstone,   Ordovician,   Illinois : 

Lines,  670;  Udden,  1117. 
St    Peter    sandstone,    Ordovician,    Iowa : 

Norton  et  al,  800. 
St  Peter  sandstone,  Ordovician,  Missouri : 

Crane,  233. 
St    Peter    sandstone,    Ordovician,    Ohio : 

Fuller  and  Clapp,  340. 
St     Peter     terrane,     Ordovician,     Iowa : 

Keyes,  577. 
St    Pi  ran    formation,    Cambrian,    British 

Columbia  :  Allan,  9. 
St.  Regis  formation,  pre-Cambrian,  Idaho : 

Hershey,  452. 
Salamanca      conglomerate,      Mississippian, 

New  York  :  Hartnagel,  432. 
Salem  limestone,  Carboniferous,  Iowa :  Van 

Tuyl,  1138. 
Salem    limestone,    Mississippian,    Illinois : 

Lines,  070. 
Salem  limestone,  Mississippian,  Iowa  :  Van 

Tuyl,  1136. 
Salina    beds,    Silurian,    New    York :    Hart- 
nagel, 432. 
Sulina     ( ?)     formation,     Silurian,     Iowa : 

Norton  et  al,,  800. 
Salmon     hornblende     schist,     Oregon     and 

California :   Ilershey,  452. 
Saltsburgh  sandstone.  Carboniferous,  West 

Virginia  :   Hennen,  447. 
San    Fernando    clays.    Tertiary,    Mexico : 

Dumble,  294. 
Sangamon     stage.     Quaternary,     Indiana : 

Shannon,  966. 
Sangamon      terrane.      Quaternary,      Iowa: 

Keyes,  577. 
San    Juan    epoch,    Quaternary,    Colorado : 

Atwood  and  Mather,  32. 
San  .Tuan  glacial  epoch,  Quaternary,  Colo- 
rado :  Atwood  and  Mather,  32. 
Sankaty  formation,  Quaternary,  New  York : 

Hartnagel,  432. 
San    Miguel     limestone.    Tertiary?,    Costa 

Rica  :  Romanes,  931. 


San    Pablo    series.    Neocene,    California: 
Clark,  188. 

Santa   Margarita    division,   Miocene,    Cali- 
fornia:  Dumble,  293. 

Saranac  gneiss,  pre-Cambrian,  New  York : 
Hartnagel,  432. 

Saratogan    group,    Cambrian,    New    York : 
Hartnagel,  432. 

Saverton      shales.      Carboniferous,      Iowa, 
Missouri :  Keyes,  578. 

Saverton     terrane,     Carl>oniferoa8,     Iowa : 
Keyes,  577. 

Schaghticoke  shale,  Ordovician,  New  York: 
Hartnagel,  432. 

Schnectady    beds,    Ordovician,    New    York: 
Hartnagel,  432. 

Schoharie  grit,  Devonian,  New  York :  Hart- 
nagel, 432;  Kindle,  581. 

Seine  series,  pre-Cambrian,  Ontario :  Law- 
son,  636,  637. 

Selinsgrove  limestone  and  shale,  Devonian, 
Pennsylvania :  Kindle,  581. 

Selkirk  series,  pre-Cambrian  and  Cambrian, 
British  Columbia :  Daly,  254. 

Senecan  group,  Devonian,  New  York :  Hart- 
nagel, 432. 

Sergeant  terrane,  Cretaceous,  Iowa :  Keyes, 
577. 

Sevier  shales,  Ordovician,  Tennessee :  Gor- 
don and  Jarvis,  383. 

Sewickley    limestone,    Carboniferous,    West 
Virginia :  Hennen,  447. 

Sewickley   sandstone    (upper).    Carbonifer- 
ous, West  Virginia :  Hennen,  447. 

Sewickley    sandstone    (lower),    Carbonifer- 
ous, West  Virginia  :  Hennon,  447. 

Sewickley      sandstone      member,      Pennsyl- 
vanian,  Pennsylvania :  Munn,  782. 

Shakopee  terrane,  Cambrian,  Iowa  :  Keyes, 
577. 

Shannon  sandstone.  Cretaceous,  Wyoming: 
Jamison,  540. 

Sharon  conglomerate,   MissLssippian,  Ohio : 
Prosser,  872. 

Sharon    conglomerate    member,    Pennsylva- 
nlan,  Kentucky  :  Phalon,  850. 

Sharon    shale,    Pennsylvanian,    New    York : 
Hartnagel,  432. 

Sharpsville  sandstone,  Mississippian,  Ohio: 
I'roHser.  872. 

Shawangunk    conglomerate,    Silurian,    New 
York  :  IlartnaRel,  432. 

Shawangunk   formation,   Silurian,   Pennsyl- 
vania :  Miller,  757. 

Shawangunk   grit,   Silurian,   Pennsylvania : 
Peek,  839. 

Shawnee     formation,    Pennsylvanian,    Mis- 
souri :  Hinds,  470. 

Shegulndah      beds,     Ordovician,     Ontario : 
Foerste,  329. 

Shflby     (uppfT)     dolomite,    Silurian,    New 
York  :  Hartnagel,  432. 

Shelby    (lower)     dolomite,    Silurian,    New 
York:  Hartnagel,  432. 
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SheiiMPO  MUDidgtone,  Mississipplan,  Penn- 
sylTsnla :  Prosser,  872. 

Sheriivooke  formation,  British  Columbia : 
Burling,  185. 

fiherbroolKe  formation,  Cambrian,  British 
Columbia :  Allan,  9. 

Sherborne  flags,  Deyonian,  New  York : 
Hartnagel,  432. 

Short  Creek  oolite  member,  Mississippian, 
Oklahoma:  Snider,  1005. 

Rhumla  sandstone,  Devonian,  New  York : 
Hartnagel,  432. 

Shiiswap  series,  pre-Cambrlan,  British  Co- 
lombia:  Daly,  254,  255. 

Sioamous  limestone,  pre-Oambrlan,  British 
Columbia:  Daly,  254. 

Sicker  series,  Jurassic  or  Triassic,  British 
Columbia  (Vancouver  Island)  :  Clapp, 
182;  Clapp  and  Allan.   18r). 

Sillery  formation,  Cambrian,  Quebec :  Dres- 
ser, 288. 

Sioux  quartsite,  Algonklan,  Iowa :  Norton 
et  al,  800. 

Siwash  series,  British  Columbia :  Bateman, 
57. 

Siwash  series.  Carboniferous,  British  Co- 
lumbia:  Camsell,  162. 

Skaneateles  shale,  Devonian,  New  York : 
Hartnagel,  482. 

Skeena  series.  Lower  Cretaceous,  British 
Columbia:  Malloch,  715. 

Skunnemunk  conglomerate,  Devonian,  New 
York:  Hartnagel,  432. 

Smithwick  sliale,  Pennsylvanian,  Texas : 
Paige.  817. 

Snake  Hill  beds,  Ordovlcian,  New  York : 
CUrke,  198;  Hartnagel,  432. 

Snyder  shales.  Carboniferous,  Iowa,  Mis- 
souri :  Keyea,  578. 

Sodus  shale,  Silurian,  New  York :  Hart- 
nagel, 482. 

Solon  terrene,  Devonian,  Iowa  :  Keyes,  577. 

Sooke  formation,  Oligocone- Miocene,  British 
Columbia:  Clapp  and  Allan,   185. 

Sooke  formation.  Tertiary,  British  Colum- 
bia (Vancouver  Island)  :  Clapp,  182. 

Sooke  gabbro,  British  Columbia  (Vancou- 
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Sooke  gabbro  group,  JursHsic  nnd  Creta- 
ceous?, British  Columbia:  Clapp  and  Al- 
lan, 185. 

Soulala  formation.  Quaternary,  Nicaragua : 
Herahey,  450. 

Spearfish  formation,  Trinsslc?,  Wyoming- 
South  Dakota:  Stone,  1045. 

Spergen  formation,  Mississippian,  Missouri : 
Crane,  238. 

Spergen  terrane,  CarbonlftTous,  Iowa : 
Keyes,  677. 

Stafford  limestone,  Devonian,  New  York : 
Hartnagel,  482. 

Standish  flags  and  shales,  Devonian,  New 
York:  Hartnagel,  432. 

Stanton  terrane.  Cretaceous,  Iowa:  Keyes, 
677. 


State  Quarry  limestone,  Devonian^  Iowa: 
Norton  ct  aL,  800. 

Steeprock  series,  pre-Cambrian,  Ontario : 
I^awson,  636.  637. 

Stephen  formation,  Cambrian,  British  Co- 
lumbia:  Allan,  0:  Walcott.  1152. 

Stissing  limestone,  Cambrian,  New  York : 
Hartnagel.  432. 
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Keith,  568. 

Stockton  beds,  Juratrias,  New  York :  Hart- 
nagel, 432. 

Stockton  formation,  Triassic,  New  Jersey : 
Wherry,  1191. 

Stonehouse  formation.  Silurian,  Nova 
Scotia:  Williams.  1211. 

Storm  King  grnnite,  pre-Cambrian,  New 
York  :   Hartnagel.  432. 

Stormville  sandstone,  Devonian,  New  York : 
Hartnagel.  432. 

Striped      Peak      formation,     pre-i'ambrlan, 
Idaho :   Hershey,  452. 

Sulphur  Springs  formation,  Devonian,  Mis-~ 
Kouri :  Crane,  233. 

Sunbury  shale.  Carboniferous,  Ohio :  Pros- 
ser,  871. 

Kunbury  shale.  MissiHsippian.  Ohio :  Hyde, 
52S :  I»rosser,  872  ;  Stauffer,  1025. 

Sunbury  shale,  Waverlyan,  Ohio :  Ulrich, 
1122. 

Sundance  formation,  Jurassic,  Wyoming; 
Jamison,  539,  540;  Wegemann,  1178. 

Sundance  formation,  Jurassic.  Wyoming- 
South  Dakota  :  Stone,  1045. 

Sunderland  formation,  I'lelstocene,  North 
Carolina :  Clark  et  al.,  193. 

Sunderland  formation.  Pleistocene,  Vir- 
ginia :  Clark  and  Miller.  192. 

Sunset  division,  Ordovlcian,  Ohio  and  Ken- 
tucky :    Foerste,    327,   328. 

Sutton  formation,  Jurassic,  British  Co- 
lumbia  (Vancouver  Island)  :  Clapp,  182. 

Sutton  formation,  Jurassic  or  Triassic, 
British  Columbia :  Clapp  and  Allan, 
185. 
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Quebec:  Harvie,  4.33. 
Sweetland    Creek    shale,    Devonian,    Iowa : 
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Sweetland  Creek  shale,  Iowa  and  Illinois : 

rdden,  1118. 
Sweetland   shale.    Carboniferous,   Missouri : 

Keyes,  578. 
Swift   Current   beds,   Ordovlcian,   Ontario : 

Foerste,  329. 
Sy  la  more     sandstone     member,     Devonian, 

Oklahoma:  Snider,  1005. 
SyraCTise  salt,   Silurian,   New  York :   Hart- 
nagel, 4.'i2. 

Taconic  system,  Hartnagel,  4.32. 

Talbot  formation.  Pleistocene,  Maryland: 
Miller,  758. 

Talbot  formation.  Pleistocene,  Virginia: 
Clark  and  MUIer,  192.  ^ 
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Talon  formation,  Devonian  ?,  Quebec : 
Dresser,  288. 

Tantalus  conglomerates,  Jura-Cretaceous : 
Cairnes,  149. 

Tate  division,  Ordovician,  Kentuclcy : 
Foerste,  327. 

Tate  member,  .  Ordovician,  Kentuclsy : 
Foerste,  327. 
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Tejon  formation.  Eocene,  Washington : 
Weaver,  1169. 
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Gordon  and  Jarvis,  383. 
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Ontario:  McMillan,  709. 

Temiskaming  series,  pre-Cambrian,  Ontario : 
Burrows,  137 ;  Hopkins,  491. 

Tctagouche  series,  Ordovician,  New  Bruns- 
wick:  Young,  1258. 

Thayer  terrane,  Cretaceous,  Iowa :  Keyes, 
577. 

Thaynes  formation,  Triassic,  Utah :  Bout- 
wtll,  92. 

Thaynes  limestone,  Triassic,  Idaho  and 
Utah  :  Richards  and  Mansfield,  903. 

"  Thebes  sandstone  and  shale,"  Ordovician, 
Illinois:  Lines.  070. 

Theresa  dolomite,  Cambrian,  New  York : 
llartnagcl,  432. 

Thompson  Rlvor  silts,  Plolstocene,  British 
Columbhi  :  Daly,  254. 

Thrceforks  shalo,  Devonian,  Montana : 
Calvert.  150. 

TIchenor  limestone,  Devonian,  New  York : 
Hartnagol,  432. 

Tinipas  limestone,  T'pper  Cretaceous,  Colo- 
rado :  Stose,  1056. 

Tonoloway  llmeston*',  Silurian,  West  Vir- 
ginia, IVnnsylvania,  Maryland :  Stose 
and  Swart z,  1058. 

Totatlanlka  schist,  Silurian  or  Devcmian?, 
Alaska  :  Capps,  170. 

Tradewater  formation,  I'ennsylvanlan,  Ken- 
tucky :  (;ienn,  373. 

Travis  I'eak  formation.  Cretaceous,  Texas: 
ralge.  817. 

Trent  formation,  Kocene,  North  Carolina: 
riark  vt  ah,  103. 

Trenton.  Ordovician,  Vermont :  I'erklns, 
84.'). 

Trenton  W(\s.  Ordovician,  New  York  :  Hart- 
na^el,  432. 

Trenton  formation,  Ordovician,  Ontario : 
Raymond,  888. 

Trenton  proup,  Ordovician,  Quebec :  Vali- 
quette,  1132. 

Trenton  limestone,  Ordovician,  Pennsyl- 
vania :  Zlegler,  12G2. 

**  Trenton-Galena  "  limestone,  Ordovician, 
Illinois  :  Lines,  670. 


Trent  River  shales,  British  Columbia: 
Clapp,  184. 

Tres  Ilermanos  sandstone  member,  Creta- 
ceous, New  Mexico :  Lee,  648. 

Tribes  Hill  limestone.  Ordovician,  New 
York:  Ilartnagel.  432. 

Tribune  formation,  Mississlpplan,  Illinois: 
Lines,  670. 

Tribune  formation,  Mississlpplan,  Missouri : 
Crane,  233. 

Tribune  limestone,  Carboniferous,  Illinois: 
Shaw,  970. 

Trinity  formation.  Cretaceous,  Texas: 
Paige,  817. 

Tully  limestone,  Devonian,  "  New  York : 
Ilartnaj^el,  432. 

Turgeon  formation,  Silurian,  New  Bruns- 
wick: Young,  1258. 

Tuscarora  sandstone,  Silurian^  West  Vir- 
ginia, Pennsylvania,  Maryland  :  Stose  and 
Swartx,  1058. 

Tuxedni  sandstone,  Jurassic,  Alaska :  Mar- 
tin and  Katz,  721. 

Tnxpam  beds,  Miocene,  Mexico :  Dumble, 
294. 

Twin  Creek  limestone,  Jurassic,  Idaho  and 

Utah :  Richards  and  Mansfield.  903. 
Tyner    formation,    Ordovician,    Oklahoma : 

Snider,  1005. 
Uinta  epoch.  Quaternary,  Colorado :  Atwood 

and  Mather,  32. 
Uinta    formation.    Eocene,    Wyoming :    Os- 

born,  815. 
Uinta   (?)   formation,  Tertiary,  Utah:  Lup- 

ton,  089,  600. 
Uinta    formation.    Tertiary,    Utah :     Rlggs, 

917. 

Uinta  glacial  epoch.  Quaternary,  Colorado : 

Atwood  and  Mather,  32. 
Ulsterlan     group,     Devonian,     New     York : 

Ilartnagel.  432. 
Unadilla     terrane,     Devonian,     New     York : 

ilartnagel.  432. 
Uncas    shalr.    IVrralan,    Oklahoma :    Ohern 

and  Garrett,  80.3. 
Uncompahgre  Intorglaclal   Interval,   Quater- 
nary, Colorado:  Atwood  and  Mather.  32. 
Union      formation.      Pliocene.      Kentucky: 

Glenn.  373. 
Union  Hill  diabase,  Jura-Trias,  New  York: 

ilartnagel,  4.32. 
I^nlontown   limestone.    Carboniferous,    West 

Virginia  :  Ilennen.  447. 
Uniontown      limestone     member.      Pennsyi- 

vanian,  Pennsylvania  :  Munn,  782. 
Uniontown   sandstone.    Carboniferous,   West 

Virginia  :  Ilennen,  447. 
Uniontown     sandstone     member,     Pennsyl- 

vanlan.   Pennsylvania :   Munn.  782. 
Ute  limestone,  Cambrian.  Idaho  and  Utah  : 

Ric^iards  and   Mansfield.  903. 

I'tica,   Ordovician,   Vermont :   Perkins,   845. 

Utica  formation,  Ordovician,  Ontario  :  Ray- 
mond, 888. 
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Utica  abale,  OrdoTician,  New  York :  Hart- 

nagel.  432. 
Utlca  fltaale,  Ordovlclan,  Ohio:  Puller  and 

Clapp.  346. 
Utlca     shale,     Ordoviclan,     Pennsylvania : 

Zlegler,  1262. 
Utlca  shale,  Ordoyidan,  Quebec :  Vallquette, 

1132. 
Valcour  limestone,  Ordovlcian,  New  York : 

Hartnagel,  432. 
Vancouver    group,    Jurassic    and    Trlassic, 

British  Columbia:  Clapp,  183. 
Vancouver    group,    Mesozoic,    British    Co- 
lumbia :  Clapp  and  .Vllan,  185. 
Vancouver    group,    TrlaHsic    and    .Jurassic, 

British    Columbia    (Vancouver    Inland)  : 

Clapp,  182. 
Vancouver  volcanlcs,  Jurassic,  British  Co- 
lumbia (Vancouver  Island)  :  Clapp,  182. 
Vancouver  volcanlcs,   Jurassic  and  othor?, 

British     Columbia :     Clapp     and     Allan, 

185. 
Vaaport  limestone  meml>or,  Pennsylvanlan, 

West  Virginia,  Kentucky :  Phalon.  850. 
Vaqueros     division,     Miocene,     California : 

Dumble,  203. 
Vera     Crux     graphite     schist,     Algonkian, 

Pennsylvania :  Miller,  757. 
Vergennes     sandstone     member,     Pennsyl- 
vanlan, Illinois :  Shaw  and  Savage,  072. 
Vernon  shale,   Silurian,   New   York :    Ilart 

nagel,  432. 
Vinton  member,  Mlssisslppian,  Ohio :  Ilyde, 

628. 
Virginia    slate,    pre-Cambrlan,    Minnesota : 

Van  Bameveld,  1133. 
Wabash   beds,   Quaternary,    Indiana :    Hay, 

437. 
Wabaunsee       formation,       Pennsylvanlan, 

Missouri:  Hinds,  470. 
Waccamaw      formation.      Pliocene,      North 

Carolina:  Clark,  et  al,  103. 
Wahkiakum   formation,   Mioceno,   Washing- 
ton:  Weaver,  1160. 
Waits    River    limoKtone,    Onlovician,    V«t- 

mont :  Richardson,  004  :  Ri<>hardHon  and 

Colllster,  005 ;  Richardson  and  Conway, 

006. 
Waiden  sandstone,  Ponnsylvanian.  Ooorgia  : 

Maynard,  738. 
Wallace    formation,    pre-Cambrian,    Idaho : 

Hershey,  452. 
Wall   Creek  sandstone,  Crotaceous,   Wyom- 
ing: Jamison,  540. 
Wall    Creek    sandstone    lontll,    Cretacoons, 

Wyoming,  Wegemann,  1178. 
Walnut    clay.    Cretaceous,    Texas:    Palgo, 

817. 
Wamsntta  red  beds,  Rhode  Island :  Barrel  I, 

48. 
Wapsipinicon    limestone,    Devonian,    Iowa  : 

Norton  et  al.,  800. 
Wardner  limestone,   Mlssisslppian,  British 

Colombia:  8chofleld»  053. 


Wark  diorite,  British  Colnmbla  (Vancomrer 
Island)  :  Clapp,  182. 

Wark  gneiss,  Jurassic  and  Cretaceous?, 
British  Columbia :  Clapp  and  Allan,  185. 

Warsaw  formation,  Mlssisslppian,  Illinois : 
Lines,  670. 

Warsaw  formation,  Mlssisslppian,  Mis- 
souri :  Crane,  233. 

Warsaw  terrane.  Carboniferous,  Iowa : 
Keyes,  577. 

Wasatch  formation.  Eocene,  Colorado :  Lee, 
647. 

Wasatch  formation.  Tertiary,  Colorado : 
I^e,  648. 

Wasatch  formation,  Tertiary,  Wyoming: 
Jamison,  530. 

Wasatch  formation.  Tertiary,  I'tah :  Lup- 
ton,  080,  600. 

Wasatch  series.  Eocene,  Wyoming :  Os- 
born.  815. 

Washakie  formation.  Eocene,  Wyoming : 
Osborn,  815. 

Washburn  bods.  pre-Cambrian,  Wisconsin : 
Thwaites,  1085. 

Washington  Are  clay  shale.  Carboniferous, 
West  Virginia  :  Ilennen,  447. 

Washington  formation,  Permian,  Pennsyl- 
vania :  Mun'n,  782. 

Washington  limestone  (upper),  Carbonif- 
erous, West  Virginia  :  Ilonnen,  447. 

Washington  (lower)  limestone  memlx'r,  Per- 
mian, I*ennsylvania :  Munn,  782. 

Washington  (middle)  limestone  member, 
Permian,  Pennsylvania :   Munn,  782. 

Washington  (nppen  llmostone  member, 
Permian,  Pennsylvania  :   Munn,  782. 

Watortown  limestone,  Ordovlcian,  New 
York:  Hartnagel,  432. 

Waucoban  or  Lower  Cambrian :  Walcott, 
1149. 

Waynesburg  limestone  meml)er,  Pennsyl- 
vanlan, Pennsylvania  :  Munn,  782. 

V.'aynesbiirg  sandstone.  Carlwnlferous,  Viient 
Virginia  :  Ilennen,  447. 

Waynesburg  sandstone  memlier,  Permlad, 
Pennsylvania  :    Munn,   7H2. 

Wel)er  grits,  Carlwniferous,  Colorado :  Pat- 
ton  €t  al,  834. 

WolM»r  <iuart7ilte,  Carboniferous,  Utah: 
Boutwell,  02. 

Wrl)er  shal(>s.  Carboniferous,  Colorado: 
Patton  et  al,  834. 

W<Hlington  sandstone  mt»ml»er,  Mlssisslp- 
pian. Oklahoma:   Snid(»r,   1005. 

Weisner  quartzite,  Cambrian,  (ieorgia : 
Maynard.  738, 

Wekwemlkongsing  ])eds,  Ordovlcian,  On- 
tario: Foersto,  320. 

Wells  formation,  Pennsylvanlan,  Idaho  and 
T'tah  :  Richards  and  Mansfield,  003. 

Wellsburg  sandstone,  Devonian,  New  York  : 
Hartnagel,  432. 

West  Hill  flags  and  shale,  Devonian,  New 
York:  Hartnagel,  432. 
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West  Index  andesitlc  serieB,  Tertiary?, 
Washington  :  Weaver,  1168. 

West  River  shale,  Devonian,  New  York : 
Ilartnagel,  432. 

W^beaton  River  volcanics,  Tertiary  or  Pleis- 
tocene, Yukon :   Calrnea,  149. 

Whirlpool,  Silurian,  New  York:  Hartnagel, 
432. 

White  Pine  formation,  Nevada :  Ilershey, 
452. 

White  River  formation,  Ollgocene,  Wyom- 
ing: Winchester,  1231. 

White  River  formation.  Tertiary.  Bouth 
Dakota  :  Perisho  and  Vlsher,  843. 

White  River  formation.  Tertiary,  Wyoming : 
Jamison,  539. 

White  River  group,  Ollgocene,  South  Da- 
kota :  Osbom,  815. 

Whlterock  quartzite,  Cambrian  or  pre-Oam- 
brlan.  Nova  Scotia  :  I'^arlbault,  318. 

Wichita  formation,  Texas:  Udden,  1119; 
Udden  and  Phillips,  1121. 

Wicomico  formation.  Pleistocene,  Maryland  : 
Miller,  758. 

Wicomico  formation.  Pleistocene,  Virginia : 
Clark  and  Miller,  192. 

Wicomico  formation.  Pleistocene,  North 
Carolina:  Clark  et  al.,  193. 

Wilberns  formation,  Cambrian,  Texas : 
Paige.  817. 

Wilbur  limestone,  Silurian,  New  York : 
Hartnagel,  432. 

Williamson  shale,  Silurian,  New  York : 
Hartnagel,  432. 

Wills  Creek  shale,  Silurian,  West  Virginia, 
I'ennsylvania,  Maryland :  Stose  and 
SwartB,  1058. 

Wilson  formation.  Carboniferous,  Okla- 
homa :  Ohern  and  Garrett,  803. 

Wind  River  formation,  Tortlary,  Wyoming  : 
Woodruff  and   Winchester,   1246. 

Wind  River  sorlos,  Eocene,  Wyoming :  Os- 
.born,  815. 

Windsor  scrios,  MIssissIpplan,  New  Bruns- 
wick :  Bell,  65. 


Windy  Gap  limestone.  Carboniferous,  West 

Virginia  :  Ilennen.  447. 
WInfiold    limestone,    Permian,    Oklahoma: 

Ohern  and  Garrett,  803. 
Winnipeg   limestone,   Ordovlclan,   Ontario: 

Lawson,  637. 
Wisconsin      drift,      Quaternary,      Illinois: 

Udden,  1117. 

Wisconsin     stage.     Quaternary,     Indiana : 

Shannon,  966. 
Wisconsin      terrane,     Quaternary,      Iowa : 

Keyes,  577. 

Wiscoy    shale   and   sands,   Devonian,    New 

York:  Hartnagel,  432. 
Wolcott    limestone,    Silurian,    New    York : 

Hartnagel,  432. 
Wolf    Creek     conglomerate,     MIssissIpplan, 

New  York  :  Hartnagel,  432. 
Woodbury      terrane.      Cretaceous,       Iowa : 

Keyes,  ,577. 
Woodslde  shale,  Tr lassie,  Idaho  and  Utah : 

Richards  and  Mansfield,  903. 
Woodslde  shale,   Trlasslc,  Utah :  Boutwell, 

92. 

Woodstock  greensand  marl  member.  Eocene, 
Virginia  :  iMark  and  Miller,  192. 

Woodstock  marl  member.  Eocene,  Mary- 
land:  Miller,  758. 

Worcester  phyllite,  Carl)onIferous,  Massa- 
chusetts:  White,  1194. 

Worcester  quartzite,  Carboniferous,  Massa- 
chusetts:  White,  1194. 

VVreford  llmestono,  IVrmlan,  Oklahoma : 
Ohern  and  Garrett,  803. 

Yarmouth  torrauo,  (Quaternary,  Iowa : 
Keyes,  577. 

Yonkcrs  gneiss,  pre-Cambrian,  New  York : 
Hartnagel,  432. 

Yorktown  formation,  Miocene,  North  Caro- 
lina :  Clark  c1  a/.,  193. 

Yorktown  formation.  Miocene,  Virginia  : 
(Mark  and  Miller,   102. 

Yule  limestone,  Ordovlclan,  Colorado  :  Pat- 
ton  et  al,  834. 
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MINERAL  RESOURCES  OF  SOUTHWESTERN   OREGON. 


By  J.  S.  DiixER. 


INTRODUCTION. 
FT7BFOSE  AND  SCOPE  OF  THE  BULLETIN. 

There  are  frequent  calls  at  the  United  States  Geological  Survey  for 
information  concerning  southwestern  Oregon.  The  information 
desired  has  in  part  been  published  by  the  Geological  Survey  as  sepa- 
rate reports,  the  supply  of  nearly  all  of  which  has  been  ^lausted. 
Although  a  detailed  survey  of  southwestern  Oregon  has  not  yet  been 
completed,  enough  has  been  done  to  warrant  a  preliminary  report  of 
results  attained  with  reference  to  the  mineral  resources,  especially 
the  metals.  

FIELD  WORK. 

In  the  autumn  of  1883,  while  making  a  general  reconnaissance  of 
the  Cascade  Range,  I  traversed  southwestern  Oregon,  and  at  various 
times  since  then  my  reconnaissance  has  been  extended  and  detailed 
surveys  have  been  made  of  a  number  of  quadrangles  in  that  portion 
of  the  State.  The  index  map  (%.  1 )  shows  the  areas  of  which  detailed 
surveys  have  been  completed  and  topographic  maps  and  geologic 
folios  published.  *  This  map  also  shows  the  location  of  Blue  River  and 
Bohemia  districts,  concerning  which  the  Geological  Survey  has  pub- 
lished reports,  as  well  as  the  Galice-Kerby- Waldo  region,  a  report  on 
which,  containing  the  results  of  a  reconnaissance  made  in  the  summer 
of  1911,  is  given  in  this  bulletin.  At  the  end  of  the  bulletin  is  a  list 
of  Greological  Survey  publications  concerning  southwestern  Oregon. 
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In  acknowledging  the  courteous  aid  rendered  by  the  many  mine 
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and  P.  F.  Hogue,  of  Kerby;  W.  S.  Bowden  and  C.  L.  Mangum,  of 

Grants  Pass;  E.  W.  Liljegran,  of  Medford;  and  many  other  residents 

of  southwestern  Oregon. 
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Special  mention  is  made  of  my  indebtedness  to  members  of  the 
Foreat  Service,  particularly  to  H.  V.  Anderson,  of  Kerby,  and  to 
those  in  chai^  of  the  Portland  office  for  maps  of  the  Siskiyou  National 
Forest,  which  were  used  not  only  in  the  field,  but  also  as  a  base  for 
the  geologic  map  of  the  Galice-Kerby-Waldo  region  (PI.  VI). 


Special  mention  should  be  made  also  of  Frank  M.  Anderson,  who 
contributed  the  account  of  the  Forty-nine  mines.     (See  pp.  90-93.) 

My  greatest  indebtedness  is  to  Prof.  G.  F.  Kay,  now  State  geologist 
of  Iowa,  who  a  few  years  ago  examined  the  mines  of  the  Kiddles  and 
Grants  Pass  quadrangles  and  from  whose  publications  '  I  have  made 
numerous  extracts  for  this  report. 

iDUkr,  J.  B.,aiid  Ksy,  0.  7. ,  The  mloM  of  Itie  Rlddlts  quadrangle,  Ongon:  U.  B.  G»1.  Burray  Bull. 
MO,  p.  lU,  IMS:  Ulneni  lasounn  of  tha  Qnitta  Pu9  qiudnngla  and  bonlsriiig  dbCrlcU,  Onfon;  U.  8. 
a«gL  8inv  BnU.  SSD,  p.  a,  IMS. 
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OEOORAPHT    OF    THE    RBOION. 
QBHBSAI.  RBLATION8  OF  THE  EULKATH  HOUMTAINS. 

To  describe  the  general  relations  of  the  southwestern  portion  of 
Orc^n  it  is  necessaty  to  consider  briefly  the  gec^raphy  and  geology 


of  the  adjacent  mountain  ranges.    The  mountain  belt  of  the  Pacific 
coast  in  California  and  Oregon  includes. a  number  of  distinct  ranges, 
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whose  distribution  and  relations  are  in  part  illustrated  by  the  accom- 
panying map  (fig.  2). 

On  the  north  are  the  Cascade  Kange  and  the  Coast  Kange  of  Oregon, 
separated  by  the  Willamette  or  Soimd  Valley  as  far  south  as  Eugmie. 
On  the  south  are  the  Sierra  Nevada  and  the  Coast  Kange  of  California; 
separated  by  the  Great  Valley  of  California.  Surrounding  the 
western  part  of  the  California-Oregon  boimdary,  where  all  these 
ranges  appear  to  meet,  there  is  a  distinct  group  of  mountain  ridges 
and  peaks,  extending  from  a  point  beyond  the  mouth  of  Rogue  Riyer 
*  in  Oregon  to  Mad  River  and  the  Sacramento  Valley  in  California,  that 
constitutes  the  E^lamath  Mountains.  They  embrace  the  South  Fork, 
Trinity,  and  Salmon  Mountains  of  California,  as  well  as  the  Siskiyou 
and  Rogue  River  Mountains  in  Oregon.  The  greater  portion  of  the 
mining  region  of  southwest  Oregon  is  in  the  Klamath  Mountains 
about  Grants  Pass,  although  it  reaches  into  the  Cascade  Range  at 
Bohemia  and  the  Coast  Range  beyond  Port  Orford. 

The  distinction  of  these  ranges  is  based  largely  on  geologic  data, 
and  will  be  more  readily  imderstood  by  referring  to  the  geologic 
map  (fig.  2). 

The  symbols  on  the  map  indicate  in  general  the  geologic  age  of  the 
sedimentary  rocks.  To  illustrate  their  areal  distribution  more  clearly 
all  details  of  small  areas  have  been  omitted  and  outUnes  broadly 
generalized  to  cover  large  areas  of  igneous  rocks.  The  map  shows 
at  a  glance  that  although  practically  all  the  formations  outlined  are 
present  in  southwest  Oregon,  the  sedimentary  rocks  form  but  a  small 
portion  of  the  great  insular  mass  of  the  Klamath  Mountains. 

Before  the  formations  are  considered  separately  it  may  be  observed 
that  the  Klamath  Mountains  are  composed  in  the  main  of  essentially 
the  same  formations  as  the  Sierra  Nevada,  and  furthermore  that 
although  in  the  southern  part  of  the  Klamath  Mountains  the  trend 
of  the  formations  and  lines  of  structure  are  northwest  and  southeast, 
toward  the  Sierra  Nevada,  in  the  northern  portion  the  trend  is  south- 
west and  northeast,  toward  the  Blue  Mountains  of  eastern  Oregon. 
This  general  aHgnment  of  the  formations  of  the  Sierra  Nevada  and 
the  Klamath  and  Blue  mountains  appUes  also  to  their  mineral 
resom*ces,  in  which  they  are  strongly  contrasted  with  those  of  the 
Cascade  and  Coast  ranges  of  Oregon  and  California. 

TOPOGRAPHY  AND  PHYSIOGRAPHY  OF  SOUTHWEST  OREGON. 

To  obtain  an  impressive  view  of  the  general  featm*es  in  the  relief 

*  of  southwest  Oregon  one  must  climb  from  a  narrow  river  gorge  up 

the  steep  slopes  of  the  canyon  to  gentler  slopes,  which  rise  in  places 

to  flat-topped  summits  on  the  main  divides.    Although  great  diver- 

dty  exists  in  the  scenic  details  of  the  moimtains  and  valleys,  there 
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are  bnt  three  general  feattires,  whose  relations  may  be  illustrated 
bj  figure  3. 

The  flat-topped  summits  (a)  are  renmants  of  a  once  continuous 
plain  of  gentle  relief  due  to  erosion  and  now  generally  known  as  the 
Klamath  peneplain.  The  earUer  valley  (J>)  of  the  river  is  broad  with 
gentle  slopes  and  strongly  contrasts  with  the  later  valley  (c),  the 
canyon  in  which  the  river  now  flows. 

llie  Klamath  peneplain  forming  the  even  crest  of  the  Coast  Range, 
as  seen  from  Barklow  Moimtain,  is  illustrated  in  Plate  I. 

The  comparatively  even  crest  of  Iron  Moimtain  at  an  altitude  of 
4,000  feet  in  Curry  County  (PI.  II)  shows  the  same  feature,  but  the 
largest  area  of  the  Klamath  peneplain  in  southwest  Oregon  is  near 
the  California  line,  west  and  southwest  of  Waldo  (PI.  Ill,  A  and  B), 
where  it  is  traversed  at  an  altitude  of  about  4,000  feet  by  the  old 
wagon  roads  to  the  coast. 

The  Klamath  peneplain  is  the  result  of  the  first  cycle  of  erosion 
recorded  in  the  topography 
of  that  region,  and  in  Ore- 
gon only  the  highest  peaks, 
like  Preston  and  the  sum- 
mits of  the  Siskiyou,  rise 

as  prominent  hills  (monad-  Fiourx  3.— Oenerallied  cross  section  of  a  river  vaUey ,  showing 
nocks)  above  its  Sreneral  ^®  relation  of  the  Klamath  peneplain  (a)  to  the  eariier  vaUqr 
-        -   ^  ^  (6)  and  the  later  vaUey  (c). 

level. 

The  Klamath  peneplain  has  been  differentially  uplifted  from  an 
altitude  near  the  sea  level  and  deformed,  so  that  portions  of  it  may 
now  appear  at  different  levels.  In  general  the  plain  rises  toward  the 
Siskiyou  and  Sahnon  Moimtains,  where  the  uplift  has  been  greatest. 

The  rivers  rejuvenated  by  the  uplift  deepened  and  widened  their 
valleys  to  gentle  slopes  during  the  second  cycle  of  erosion,  forming 
for  each  river  what  is  indicated  in  the  diagram  as  an  earUer  valley. 

Subsequent  uplift  rejuvenated  the  streams  and  initiated  a  third 
cycle  of  erosion,  during  which  the  streams  cut  deep,  narrow,  com- 
monly canyon-like  valleys  in  the  bottoms  of  the  earlier  valleys. 
In  the  soft  rocks  the  later  valleys  have  been  widened  generally,  and 
in  many  places  gravel  terraces  form  benches  on  their  slopes. 

The  uplifts  which  resulted  in  carving  earlier  and  later  valleys  out 
of  the  Klamath  peneplain  were  irregular  and  intermittent,  and  a 
record  was  made  of  them  along  the  coast  in  the  elevated  beaches 
carved  by  the  waves  on  successive  shore  lines  at  the  halting  points  of 
the  rising  land.  The  longer  the  halt  the  larger  the  coastal  plain 
developed.  About  the  time  the  earUer  valleys  were  completed  a 
peneplain  of  considerable  size,  much  lower  than  the  E^lamath  pene- 
plain, was  developed  at  favorable  points  along  the  coast. 
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One  of  the  most  important  conditions  contributory  to  the  forma- 
tion of  rich  auriferous  gravels  is  the  deep  weathering  and  disintegra- 
tion of  rocks  that  contain  gold-bearing  quartz  veins.  By  this  means 
the  gold  is  liberated  in  the  residual  material  and  prepared  for  con- 
centration by  the  streams  in  their  gravel  beds.  That  auriferous 
gravels  commonly  originate  in  connection  with  peneplains  is  evident 
in  the  Sierra  Nevada,  where  the  high  gravels  are  associated  with  the 
low  relief  of  the  peneplain  and  contain  a  large  amount  of  residual 
material  resulting  from  deep  rock  weathering  on  gentle  slopes. 

In  the  Klamatli  Mountains,  as  in  the  Sierra  Nevada,  it  is  evident 
that  in  the  development  of  the  Klamath  peneplain  much  gold  must 
have  been  liberated  for  concentration  in  stream  beds  belonging  to 
the  first,  second,  and  third  cycles  of  erosion. 

GEOIjOGT. 

SEDIMBNTABY  BOCKS. 
MICA   SCHIST. 

Near  the  mouth  of  Rogue  River  is  an  area  of  schistose  rocks,  in 
part  mica  schist  intejpmingled  with  slates  in  which  the  cleavage  is 
highly  developed.  These  rocks  are  invariably  fine  grained,  rich  in 
quartz,  and  where  most  highly  metamorphosed  have  much  fine 
dlky  mica  (sericite)  on  the  foliated  surface.  They  are  much  folded 
and  crumpled,  and  on  Brushy  Bald  Mountain  pass  into  less-altered 
fragmental  rocks. 

A  small  area  of  these  schistose  rocks,  not  marked  on  the  map,  oc- 
curs 8  miles  northeast  of  Crescent  City.  It  is  probably  related  to 
the  long  area  in  South  Fork  Mountain,  where  the  more  typical  mica 
schists  are  developed. 

Another  belt  of  these  rocks,  the  Abrams  formation  of  Hershey,^ 
extends  north  from  the  vicinity  of  Weaverville  into  the  heart  of  the 
Klamath  Mountains  and  is  possibly  related  to  a  mass  of  well-devel- 
oped mica  schist  on  the  Oregon  line  at  the  head  of  Applegate  Creek, 
about  30  miles  southwest  of  Ashland. 

The  age  of  these  schists  is  not  definitely  known.  Though  some  of 
them  appear  to  be  older  than  the  associated  Devonian  rocks,  others 
have  resulted  from  the  alteration  of  adjacent  Carboniferous  or  later 
rocks  by  the  intrusion  of  the  neighboring  granodiorite. 

PALEOZOIC   ROOKS. 

LUhologic  character, — ^The  Paleozoic  sediments  consist  of  clay 
shales  or  slates,  gray  to  dark  siliceous,  locally  banded  slates,  and 
greenish  slates,  interbedded  with  volcanic  tuflPs  and  lentils  of  lime- 
stone,  some   thin-bedded   sandstone,  and  some  fine   conglomerate. 

1  Am.  Geologist,  vol.  27,  p.  226,  April,  1901. 
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Many  of  the  siliceous  beds  are  flinty  and  contain  the  remains  of 
microscopic  radiolarians,  thus  proving  the  oceanic  origin  of  the 
material. 

With  these  sediments  is  associated  a  very  much  larger  propor- 
tion of  igneous  rocks,  partly  volcanic  rocks  of  Paleozoic  age  and  partly 
intrusive  rocks  of  later  date.  The  igneous  rocks  will  be  noted  more 
particularly  under  a  separate  heading,  not  only  on  account  of  their 
large  volume  but  because  of  their  genetic  relation  to  the  metallifer- 
ous deposits. 

In  southwest  Oregon  by  far  the  greater  portion  of  the  area  marked 
Paleozoic  is  of  igneous  rocks,  and  this  proportion  continues  well 
down  into  the  central  portion  of  the  Klamath  Mountains,  but  in  the 
southern  part  of  the  Klamath  Moimtains  and  the  Sierra  Nevada 
the  proportion  of  sedimentary  rocks  increases. 

DUtribtiiion  of  limestone. — Limestone  is  one  of  the  most  important 
Paleozoic  and  Mesozoic  sedimentary  rocks  in  southwest  Oregon 
and  is  especially  valuable  on  accoimt  of  its  relation  to  the  cement 
industry.  The  Paleozoic  limestones  only  will  be  noticed  at  this 
place,  those  of  Mesozoic  age  being  described  imder  the  Cretaceous 
system.  More  limestone  occurs  in  the  Grants  Pass  quadrangle  than 
in  any  other  quadrangle  of  equal  size  in  southwest  Oregon. 

The  area  occupied  mainly  by  the  Paleozoic  rocks,  both  sedimen- 
tary and  igneous,  in  the  Applegate  region  has  a  width  directly  across 
the  strike  of  about  30  miles,  in  which  there  are  four  more  or  less 
clearly  defined  belts  of  Umestones  containing  about  60  masses,  most 
of  which  are  shown  on  the  map  (PI.  IV).  The  largest  outcrop  is 
not  over  one-third  of  a  mile  in  length  and  200  feet  in  thickness. 

The  first  belt  of  Umestone  includes  prominent  ledges  3  miles  south- 
east of  Kerby  as  well  as  several  on  Cheney  Creek,  where  the  condi- 
tions are  favorable  for  handUng  the  material  and  for  getting  it  to 
Grants  Pass  by  an  easy  haul  of  12  miles. 

The  second  belt  is  less  regular.  It  extends  from  the  vicinity  of 
Grold  Hill,  on  the  main  Une  of  the  Southern  Pacific  Co.,  south- 
westward  by  the  Oregon  Bonanza  mine  to  the  well-known  Oregon 
Caves,  and  beyond  into  Cahfornia. 

The  third  belt,  which  has  several  readily  accessible  ledges  on  Kane 
Creek,  appears  to  the  southwest  on  Applegate  River,  on  Steamboat 
Creek,  and  in  the  vicinity  of  Whisky  Peak,  where  the  belt  enters 
California. 

The  foiu'th  belt  of  limestone  appears  on  Little  Applegate  River, 
and  possibly  also  on  Applegate  River  near  Watkins,  where  a  promi- 
nent limestone  lens  occurs  close  to  the  mica  schist,  which  it  appears 
to  overUe. 

Age  of  the  Paleozoic  limestones. — The  limestones  at  a  number  of 
points  in  Josephine  and  Jackson  coimties  are  fossiliferous,  but  the 
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fossils  are  too  poorly  preserved  to  permit  definite  determinatioii. 
However,  they  are  sufficient  to  suggest  that  the  first  and  second 
belts  noted  above  are  of  Devonian  age,  whereas  the  third  and  fourth 
are  Carboniferous.  These  intermittent  belts  of  limestone  lenses  have 
been  traced  far  southward  into  CaUfornia  throughout  the  Klamath 
Mountains,  where  additional  belts  of  highly  fossiliferous  limestone 
appear  and  leave  no  doubt  concerning  their  Devonian  and  Carbon- 
iferous age. 

Composition  of  the  limestones, — For  the  purpose  of  showing  the 
adaptability  of  these  limestones  to  the  manufacture  of  cement  the 
following  analyses  were  made  by  R.  C.  Wells  in  the  chemical  labora- 
tory of  the  United  States  Geological  Siu^vey  at  Washington: 

Analyses  of  limestone  from  Grants  Pass  quadrangle^  Oreg. 
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1.  Specimen  7015  A,  sec.  19,  T.  37  B.,  R.  6  W. 

2.  Specimen  7017  A,  Carter's  quarry,  sec.  2,  T.  37  S^  R.  3  W. 

8.  Specimen  7017  B,  Uouseliolders'  quarry,  sec.  2(1^.  37  8.,  R.  3  W. 

4.  Specimen  7021,  ridge  1  mile  southwest  of  Gold  Hill,  sec.  20,  T.  36  8.,  R.  3  W. 

5.  Specimen  7025,  marble  southwest  of  Williams,  sec.  31,  T.  38  S^  R.  5  W. 

6.  Specimen  7045,  Applegate  River,  south  of  Watldns,  in  sec.  7,  T.  41 8.,  R.  4  W. 

7.  Specimen  7074, 3  miles  S.  70*  E.  of  Kerby. 

An  analysis  of  the  limestone  from  the  vicinity  of  Rock  Point,  3 
miles  west  of  Gold  Hill,  made  by  J.  S.  Phillips,  is  as  follows:^ 

Analysis  of  limestone  from  vicinity  of  Rock  Pointy  Oreg. 

Silica 3.1 

iron  oxide 2. 2 

lime  carbonate 89. 4 

Magneedum  carbonate 5. 3 


Two  analyses  by  P. 
Hill  are  as  follows:  ^ 
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H.  Bates  of  limestone  obtained  near  Gold 


Analyses  oflim£stonefrom  vicinity  of  Gold  Hilly  Oreg. 
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1.  One  mUe  northwest  of  Gold  Hill. 


2.  One-fom^th  mile  west  of  Gold  Hill. 


1  Darton,  N.  H.,  Stnictoral  materials  in  parts  of  Oregon  and  Washington:  U.  S.  OeoL  Survey  BulL 
aS7^p.29, 1900. 
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Lime  has  been  burned  from  several  of  the  lunestones  noted  above, 
and  some  has  been  used  for  flux.  With  the  coal  and  the  shales  or 
clay  of  Bogue  River  valley  it  seems  probable  that  some  of  the  lime- 
stone of  that  region  could  be  used  to  advantage  in  the  manufacture 
of  cement. 

Rdatian  of  the  Paleozoic  to  adjacent  rocks. — The  strata  included  in 
the  four  belts  of  limestone  and  associated  rocks  of  Paleozoic  age  in 
southwest  Oregon,  if  judged  by  their  attitude  and  distribution,  appear 
to  be  conformable  throughout,  although  they  are  apparently  imcon- 
formable  not  only  to  the  older  mica  schists,  but  also  to  the  younger 
Jurassic  rocks. 

JURASSIC   SYSTEM. 

LUhologic  chara>cter. — The  Jurassic  sedimentary  rocks  of  southwest 
Oregon  consist  mainly  of  shales  or  slates  and  thin-bedded  sandstones 
in  variable  proportions.  Small  beds  of  fine  siliceous  conglomerate 
are  rare.  The  shales  are  dark,  locally  black,  but  weather  gray,  yel- 
lowish, or  brown,  and  here  and  there  are  decidedly  slaty.  The  sand- 
stones are  gray  and  hard.  Locally  in  the  sandstones  quartz  veins 
are  deoidedly  abundant,  but  generally  they  are  scarce  or  absent. 
The  fine  conglomerate  of  quartzose  pebbles  contains  scattered  on  its 
surface  small  cavities  from  which  soluble  pebbles  have  disappeared. 
Variously  colored  chert,  generally  gray  or  red,  is  common  in  some 
localities.  Near  the  contact  with  granite  or  other  intrusives  these 
rocks  are  in  places  altered  to  mica  schist  or  blue  hornblende  schist. 
Jurassic  sediments  occupy  only  about  half  of  the  broad  belt  indi- 
cated in  southwest  Oregon  west  of  Grants  Pass,  the  other  portion 
being  occupied  by  igneous  rocks,  partly  volcanic  but  mainly  intru- 
sive and  of  wide  range  in  general  character  and  composition. 

Formatioris  and  age, — The  belt  referred  to  above  is  shown  in  greater 
detail  on  the  map  of  the  Galice-Kerby- Waldo  r^on  (PI.  VI,  p.  46), 
where  the  Jurassic  sedimentary  rocks  are  represented  as  two  forma- 
tions— the  Galice  formation  on  the  southeast  and  the  Dothan  forma- 
tion on  the  northwest — separated  by  an  irr^ular  belt  of  igneous 
rocks,  mainly  varieties  of  greenstone  and  serpentine.  Characteristic 
late  Jiurassic  fossils  have  been  found  in  the  slates  of  the  Galice  forma- 
tion at  the  Almeda  mine  and  also  on  Cow  Creek,  at  the  mouth  of 
Rattlesnake,  near  Reuben  Spur,  showing  that  they  are  of  about  the 
same  horizon  as  the  Mariposa  slate  of  the  Mother  Lode  region  in 
California. 

The  t)othan  formation  is  composed  mainly  of  slates  and  thin- 
bedded  hard  sandstones,  with  some  conglomerate  and  cherts.  Fos- 
sils are  rare  and  as  far  as  known  are  so  similar  to  those  of  the  slates 
of  the  Galice  formation  as  not  to  be  distinctive. 

18014'— Bull.  546—14 2 
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Relations  of  Jurassic  fcTTruUioTis. — The  relative  position  of  the  two 

formations  is  shown  in  the  generalized  section  of 
the  Jurassic  belt  northwest  of  Grants  Pass  (fig.  4). 
The  section  represented  is  about  40  miles  in  length. 
The  Devonian  strata  of  the  Kerby  region  on  the 
southeast  are  carried  up  by  a  thrust  fault  so  as  to 
rest  on  the  overturned  slates  of  the  Oalice  forma- 
tion. The  general  dip  of  the  /strata  is  to  the  south- 
east, but  the  newer  strata  are  on  the  northwest, 
where  the  Biioxville  is  unconformably  overlain  by 
the  Eocene.  The  Dothan  and  Galice  appear  to  be 
overturned,  and  their  relative  position  indicates  that 
the  Dothan  is  younger  than  the  Galice. 

The  great  mountain-building  epoch  at  the  close  of 
the  Jiurassic  involved  the  irruption  of  great  masses 
of  igneous  rocks  and  finally  resulted  in  the  formation 
of  important  metalliferous  deposits.  Nearly  all  such 
deposits  in  Jiurassic  rocks  occur  in  those  of  igneous 
origin. 

CRETACEOUS   SYSTEM. 
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The  Cretaceous  rocks  of  southwest  Oregon  are 
comparatively  soft  conglomerates,  sandstones,  and 
shales,  which  on  the  basis  of  fossil  evidence  have 
been  divided  into  the  Knoxville,  Horsetown,  and 
Chico  formations.  A  number  of  limestone  ledges 
and  some  chert  occur  in  the  Knoxville  north  of  Rid- 
dles. The  Knoxville,  Horsetown,  and  Chico  forma- 
tions once  formed  a  continuous  blanket  for  the 
older  rocks  over  almost  the  whole  of  the  Klamath 
Mountains,  but  most  of  this  cover  has  been  washed 
away,  and  the  evidence  of  it  is  found  only  in  the 
fossiliferous  pebbles  of  the  early  auriferous  gravels 
in  that  region.  Remnants  of  this  blanket  occur 
along  the  western  edge  of  Rogue  River  valley,  also 
near  Waldo  in  the  Logan  mine  outlet,  and  on  Grave 
Creek  6  miles  east  of  Placer,  as  well  as  in  the  vicinity 
of  Riddles  and  for  miles  along  the  coast.  The  Cre- 
taceous is  markedly  unconformable  to  the  Jurassic 
rocks  beneath  and  is  in  general  slightly  unconform- 
able to  the  overlying  Eocene. 

As  the  Cretaceous  rocks  are  yoimger  than  the  in- 
tense rock  folding  that  closed  the  Jurassic,  they  are 
much  less  crushed,  indurated,  and  veined  with  quartz 
than  the  Jiurassic  rocks.  Locally,  however,  the  Knoxville  strata  contain 
small  quartz  veins,  but  they  do  not  contain  any  important  lode  mines. 
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TERTIARY   SYSTEM. 

The  early  Tertiary  (Eocene)  of  western  Oregon  is  lai^ely  developed 
in  the  Coast  Range,  extending  as  far  south  as  the  mouth  of  Illinois 
River.  It  is  chiefly  soft  yellowish  sandstone  but  contains  much 
shale  and  some  conglomerate.  Beds  of  ox)al  occur  at  a  number  of 
places,  more  particularly  in  the  vicinity  of  Coos  Bay.  On  the  eastern 
side  of  Rogue  River  valley  the  sandstones  and  shales,  with  some 
coal,  dip  eastward  beneath  the  lavas  of  the  Cascade  Range.  Similar 
beds  occur  on  the  Great  Bend  of  Pit  River  and  along  the  western 
border  of  the  Sacramento  Valley. 

The  middle  Tertiary  and  later  formations,  including  the  Quaternary, 
chiefly  clays,  sands,  and  gravels,  more  or  less  indurated,  form  scat- 
tered patches  along  the  coast  where  they  are  marine,  and  fill  the 
broad  river  valleys  inland  where  they  are  fluviatile.  For  the  sake 
of  clearness  they  are  shown  on  the  map  only  in  the  Sacramento 
Valley,  the  Willamette  Valley,  and  about  Honey  Lake,  but  in  fact 
ihey  occur  as  auriferous  gravels,  once  extensively  mined,  along  all 
the  important  streams  throughout  the  Sierra  Nevada  and  IQamath 
mountains. 

IGNEOUS  BOCKS. 

In  southwest  Oregon  igneous  rocks  are  abundant  and  cover  a 
greater  area  than  the  sedimentary  rocks.  They  are  of  great  variety 
in  composition,  texture,  and  mode  of  occurrence,  including  green- 
stones, serpentine,  granodiorite,  dacite  porphyry,  and  augite  andesite. 

The  greenstones  are  'widespread  and  of  several  different  kinds, 
both  effusive  and  intrusive,  but  for  the  most  part  they  agree  in  being 
much  altered  pyroxenic  rocks,  greenish  in  color  from  the  presence 
of  chlorite  or  green  hornblende. 

The  effusive  volcanic  greenstones  spread  over  the  surface  as  andes- 
itic  lavas  rich  in  pyroxene,  possibly  some  of  them  basaltic.  They 
are  abundant  among  the  Paleozoic  limestones  and  other  sediments, 
especially  in  the  Gold  Hill  and  Applegate  r^ion,  where  they  are  in 
some  places  vesicular  and  associated  with  fragmental  deposits  due 
to  explosive  volcanic  action. 

Similar  volcanic  greenstones  occur  among  the  Mesozoic  strata, 
particularly  in  the  neighborhood  of  Rogue  River  a  short  distance 
above  Galice  and  locally  about  the  Oalice  formation  in  the  Riddles 
quadrangle. 

These  volcanic  greenstones  of  various  ages  ranging  through  the 
Paleozoic  and  Mesozoic  have  been  cut  by  numerous  dikes  and 
irr^ular  masses  of  intrusive  rocks  of  the  same  kind,  and  the  whole 
has  been  so  crushed,  altered,  and  veined  by  later  earth  movements 
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in  the  process  of  mountain  building  that  it  would  be  very  difficult  to 
map  them  in  detail  separately  or  to  determine  their  relative  areas. 

When  fresh  and  fully  crystalline  the,  greenstone  is  commonly 
granular,  like  a  gabbro  composed  essentially  of  pyroxene  and  lime- 
soda  feldspar,  but  it  may  contain  hornblende  and  resemble  a  diorite, 
or  olivine  and  pass  into  olivine  gabbro,  or  have  ophitic  structure  and 
pass  into  diabase,  or  be  compact  like  basalt. 

Although  greenstone  lavas  of  both  Paleozoic  and  Mesozoic  age 
occur,  the  age  of  the  intrusive  greenstones  is  not  so  completely  deter- 
mined. Many  of  them  may  be  Paleozoic,  but  some  of  them  were 
erupted  near  the  close  of  the  Jurassic,  and  with  these  in  the  Riddles 
quadrangle  there  is  some  quartz  porphyry  that  might  well  be  called 
ancient  rhyolite. 

In  southwest  Oregon  the  ore  deposits  are  most  frequently  foxmd 
in  greenstones. 

The  serpentines  for  the  most  part  clearly  cut  the  great  masses  of 
greenstone.  This  is  best  illustrated  in  the  Galice-Kerby  r^on  (PI. 
VI),  where  they  have  much  to  do  in  producing  ore  deposits  in  the 
associated  greenstone,  although  the  serpentine  itself  rarely  contains 
bodies  of  ore  except  copper. 

Serpentine  is  derived  chiefly  from  the  alteration  of  peridotite,  an 
intrusive  rock  that  is  composed  for  the  most  part  of  olivine  with  con- 
siderable pyroxene,  usually  enstatite,  and  small  crystals  or  grains 
of  magnetite  and  chromite.  With  the  increase  of  olivine  or  pyroxene 
the  peridotite  passes  on  the  one  hand  into  dunite  and  on  the  other 
into  pyroxenite.  Much  of  the  rock  in  the  area  mapped  as  serpentine 
is  peridotite  in  which  the  alteration  to  serpentine  is  not  far  advanced. 
By  the  miners,  however,  all  such  rocks  are  r^arded  as  serpentine. 

Some  of  the  serpentine  appears  to  show  transition  to  gabbro,  as  if 
derived  from  olivine  gabbro  and  not  from  peridotite  intruded  in  the 
greenstone.  Such  serpentine  has  no  mineralizing  influence  on  the 
adjacent  greenstone. 

The  granodiorite  of  southwest  Qr^on  is  well  illustrated  by  that 
about  Grants  Pass  and  Williams  Creek,  which  extends  northeast  by 
way  of  Evans  Creek  to  Umpqua  River.  It  is  granular  in  texture  and 
indudes  rocks  which  vary  considerably  in  composition.  The  more 
acidic  forms  approach  the  granites  and  the  more  basic  ones  include 
quartz  diorite.  These  rocks  are  composed  chiefly  of  feldspar,  quartz, 
and  hornblende  or  mica,  or  as  is  most  common  both  hornblende  and 
mica.  The  color  varies,  depending  on  the  amount  of  dark-colored 
minerals  present,  but.  the  prevailing  color  of  the  fresh  rock  is  dark 
gray.  The  feldspar  is  chiefly  plagioclase  which  belongs  to  the  acidic 
end  of  the  soda-lime  series.  It  is  generally  present  in  greater  amount 
than  the  quartz.  Most  of  the  mica  is  biotite,  but  muscovite  also 
is  found,  and  in  places  both  are  present.    Apatite,  magnetite,  and 
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locaDy  garnet  are  accessory  minerals.  Granodiorite  generally  occurs 
in  jnasses  many  miles  in  extent.  Mines  are  not  common  within  its 
area  or  along  its  border,  except  in  such  localities  as  Granite  TTill  and 
the  rich  pockets  to  the  northeast,  where  granodiorite  is  in  contact 
with  both  serpentine  and  greenstone. 

Dike  rocks  are  not  generally  abundant  in  southwest  Oregon  but 
are  more  common  in  serpentine  areas  than  elsewhere.  They  have  a 
wide  range  in  composition  and  structure,  from  dacite  porphyry  to 
camptonite  and  augite  andesite.  Some  of  the  last-named  rock 
appears  to  have  altered  to  greenstone. 

The  dacite  porphyries  are  thought  to  be  closely  related  genetically 
to  the  granodiorite.  They  have  a  rather  sparse  distribution,  occur- 
ring as  small  knoblike  areas  and  as  dikes  cutting  the  serpentine  as  well 
as  the  slates  of  the  Galice  formation  at  Almeda  and  near  the  Rand. 
The  porphyritic  structure  is  prominent  in  much  of  the  rock,  being 
due  to  conspicuous  crystals  of  plagioclase,  rounded  grains  of  quartz, 
and  rather  sharp  crystals  of  hornblende.  Not  uncommonly,  how- 
ever, the  rock  is  without  porphyritic  structure,  and  pyroxene,  am- 
phibole,  and  biotite  are  absent.  A  rock  of  this  type  cuts  the  ser- 
pentine at  the  Alta  mine  on  Josephine  Creek,  near  Kerby.  The  dike 
is  impregnated  with  pyrite  and  is  being  mined  and  crushed. 

The  groundmass  of  this  rock  where  most  siliceous  is  composed 
chiefly  of  fine  granular  quartz  and  feldspar,  but  in  others  places 
hornblende  becomes  more  and  more  abundant  xmtil  the  rock  appears 
to  pass  into  a  camptonite.  The  basic  forms  are  less  likely  to  be 
associated  with  ore  deposits. 

The  latest  dike  rock  seen  in  southwest  Oregon  is  augite  andesite, 
a  dark-colored  hard  rock  that  in  the  form  of  small  dikes  cuts  green- 
atones  and  granodiorite  as  well  as  the  Horsetown  formation  of  the 
Lower  Cretaceous.  It  occiu^s  chiefly  on  the  eastern  side  of  the 
Klamath  Mountains,  near  the  Cascade  Range. 

The  relative  age  of  the  igneous  rocks  in  southwest  Oregon,  aside 
from  the  Paleozoic  and  Mesozoic  greenstone  lavas,  is  fairly  well  estab- 
lished. The  greenstones  are  the  oldest,  followed  in  order  by  the 
serpentine  (peridotite),  granodiorite,  dacite  porphyry,  and  augite 
andesite.  Although  some  of  the  greenstone  lavas  and  perhaps  also 
some  of  the  intrusive  greenstones  are  Paleozoic,  the  bulk  of  the 
intrusive  rocks,  including  greenstone,  granodiorite,  peridotite,  and 
dacite  porphyry,  belong  about  the  close  of  the  Jurassic. 

STBUCTTTBE. 

The  strata  older  than  the  Cretaceous  strike  generally  northeast  and 
southwest,  parallel  to  the  rock  belts,  and  their  dip  for  the  most  part 
is  to  the  southeast,  though  in  many  places  they  are  vertical. 
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From  the  position  of  the  strata  alone  it  appears  that  those  in  the 
northwest  portion  should  be  the  older  and  that  they  should  decrease 
in  age  to  the  southeast.  Just  the  reverse,  however,  is  the  case,  as  is 
shown  on  the  map  (PL  VI)  and  in  the  section  (fig.  4). 

Except  the  overlapping  Tertiaiy  and  Cretaceous,  the  youngest 
rocks,  Jurassic,  are  on  the  northwest,  and  the  oldest  rocks,  the  mica 
schists,  are  on  the  southeast,  with  the  Paleozoic  between. 

This  apparent  reversal  of  the  natural  order  is  due  either  to  folding 
and  overtiuning  of  the  strata  or  to  faulting,  by  which  the  older  rocks 
are  made  actually  or  apparently  to  overlie  the  younger.  Both  folding 
and  faulting  very  probably  have  contributed  to  the  complex  structure 
of  the  region,  but  the  part  played  by  each  is  not  as  yet  imderstood  and 
will  require  detailed  investigation. 

The  most  evident  line  of  faulting  noted  in  the  region  crosses  it 
northeast  and  southwest  in  the  vicinity  of  Waldo  and  Kerby,  where 
the  Jurassic  strata,  as  shown  in  figure  4,  appear  to  pass  beneath  the 
Devonian.  In  figure  2  (p.  11)  the  approximate  position  of  this  fault 
is  shown  by  the  boundary  between  the  Paleozoic  and  Jurassic. 

A  similar  line  of  displacement  may  occur  in  the  southeast  portion  of 
the  Applegate  region,  on  the  California  line  between  the  Paleozoic 
rocks  and  the  mica  schists,  but  the  evidence  thus  far  observed  is  not 
conclusive. 

Both  of  these  supposed  lines  of  faulting  have  been  traced,  mainly  by 
Hershey,  southward  through  the  Klamath  Mountains. 

MINERAL.   PRODUCTION    OF    SOUTHWESTERN    OREGON. 

From  its  earliest  history  Oregon  has  been  known  as  a  region  of 
important  mineral  resources.  In  a  general  way  its  metallic  mineral 
production  comes  from  two  portions  of  the  State — the  Blue  Moim- 
tains  of  northeast  Oregon  and  the  Klamath  Mountains  of  the  south- 
western portion  of  the  State 

Oregon  was  organized  as  a  Territory  in  1848,  when  its  rich  placers 
were  beginning  to  attract  wide  attention.  No  record  was  kept  of  its 
precious-metal  production  in  early  days,  but  important  estimates  have 
been  made  by  R.  W.  Raymond  and  the  Director  of  the  Mint,  who 
report  *  that  the  gold  and  the  silver  from  Oregon  deposited  at  the 
United  States  mints  and  assay  offices  from  the  time  of  their  organ- 
ization to  June  30,  1882,  amounted  to  $16,816,275.39  in  gold.  From 
1882  to  1899,  inclusive,  Oregon  produced  $22,582,422.41  in  gold, 
of  which  $5,808,831.11  came  from  the  southwest  portion  of  the  State. 

Only  within  the  last  decade  have  more  complete  and  reliable 
records  been  available,  and  they  are  given  in  the  following  table. 
From  1900  to  1912,  inclusive,  Oregon  produced  $15,663,258  in  gold 

I  Rept.  Director  of  Mint,  p.  44, 1882. 
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done,  and  of  this  amount  approximately  S5,448,94I  came  from 
Muthweat  Oregon. 

Hie  total  gold  production  of  Oregon  from  1848  to  1912,  indusive, 
appears  to  have  been  $55,061,956.  The  gold  production  of  southwest 
Or^oa  before  1881  can  not  be  very  closely  estimated,  but  beginning 
with  that  year  to  1912,  inclusive,  the  production  has  been  $11 ,257,772. 

During  the  period  from  1903  to  1912,  inclusive,  the  placer  mines  of 
southwest  Oregon  produced  $2,014,715  in  gold  and  the  lode  mines 
$1,523,226.  Besides  this  in  the  same  time  the  production  of  silver 
wasvalued  at  $63,385;  of  platinum,  $15,293;  andofcual,  $2,602,122. 
Conuderable  copper  was  also  produced. 

Gold  and  coal  have  always  been  the  most  important  mineral 
products,  and  except  in  1910  the  value  of  the  gold  exceeded  that  of 
the  coal.  Definite  statistical  data  concemiag  copper,  quicksilver,  and 
limestone  are  not  available  for  most  of  the  period  under  consideration. 
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IiODE    MINES    AND    PROSPECTS. 

OOLD-QUABTZ  LODE  UNXS. 

GENERAL  FEATUBE8. 

The  diverse  stresses  and  consequent  earth  movements  involved  in 
the  development  of  the  Klamath  Mountwis  have  resulted  in  wide- 
spread crushing  and  shearing  of  the  rocks,  but  the  fissuring  was 
general  instead  of  being  concentrated  in  narrow  belts.  The  final 
veining  of  the  rocks  and  the  accompanying  ore  deposition  in  general 
formed  many  small  though  commonly  rich  ore  bo^es  instead  of  a  few 
larger  ones.  This  condition  has  greatly  encouraged  prospecting  and 
led  to  the  development  of  a  multitude  of  small  lode  mines.  Placers, 
too,  are  abundant  on  many  streams  and  have  guided  the  search  for 
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ore  bodies.  In  fact  they  afford  one  of  the  best  indications  of  the 
whereabouts  of  lodes  in  residual  material. 

Many  mines  and  prospects,  some  of  which  have  produced  only  a 
few  hundred  dollars,  others  thousands  of  dollars,  and  a  very  few  as 
much  as  (100,000,  are  now  lying  idle.  At  present  some  develop- 
ment work  is  in  progress  on  new  prospects  and  in  mines  which  have 
until  recently  been  closed,  as  well  as  in  the  nmies  that  have  been 
producers  for  some  years.  The  total  production  of  the  22  lode  mines 
of  southwest  Or^on  reported  in  1910  was  $79,221,  as  compared  with 
(130,103,  thejoutput  of  64  placer  mines  of  the  same  region  during  the 
same  year. 

The  gold-bearing  quartz  is  widely  distributed  and  occurs  in  small 
veins,  veinlets,  and  brecciated  zones  in  several  kinds  of  rock.  Most 
of  the  nmies  and  prospects  are  situated  in  the  greenstones,  but  some 
lie  in  the  granodiorites,  some  in  metamorphosed  sediments,  and  a  few 
prospects  in  peridotites  or  their  decomposition  product,  serpentine. 

A  striking  feature  of  many  of  the  gold-bearing  veins  is  that  they  are 
found  in  proximity  to  serpentine.  This  is  well  illustrated  in  the 
general  distribution  of  the  mines  of  the  Galice-Kerby  r^on,  as  shown 
in  Plate  VI.  Usually,  however,  the  veins  are  cut  off  sharply  at  the 
contact  and  the  ore  rarely  extends  into  the  serpentine.  This  may  be 
due  in  some  measure  to  faulting,  for  the  distribution  of  the  serpentine 
suggests  that  the  hydrothermal  action  consequent  on  the  intrusion  of 
the  peridotite  resulted  in  the  deposition  of  the  vein  matter. 

The  ores  are  found  in  several  relationships  in  these  rocks.  In  some 
places  they  occur  in  greenstones  at  considerable  distances  from  other 
kinds  of  rock;  in  others  they  are  in  the  greenstones  but  at  the  contact 
with  or  near  to  granodiorites  and  related  rocks.  Some  veins  are  par- 
allel to  the  schistosity  in  the  greenstones.  Again,  some  veinlets  occur 
in  both  greenstones  and  sediments,  and  in  such  places  it  is  not  unusual 
to  find  rich  ores  near  the  contact  of  these  rocks  and  closely  related  to 
dikes  which  cut  them.  This  relationship  of  the  rich  ore  to  dikes  is 
also  shown  where  the  veinlets  lie  in  the  sediments  only.  In  the 
peridotites  some  of  the  veinlets  are  present  at  the  contact  with  or  near 
dikes  related  to  granodiorites. 

Many  of  the  veins  and  veinlets  have  never  produced  important 
bodies  of  ore  but  only  ^'pockets,"  some  of  which,  although  filling  but 
small  spaces,  were  remarkably  rich,  the  gold  usually  having  been 
coarse.  In  general  most  of  the  gold  in  these  pockets  has  been  taken 
from  depths  less  than  25  feet  from  the  surface.* 

The  veins  and  veinlets  run  in  all  directions.  However,  a  compar- 
ison of  the  more  persistent  of  them  showed  that  more  Ue  in  an  east- 
west  direction  than  in  a  north-south  direction.  The  dips  of  the  veins 
vary  greatly;  most  of  them  have  fairly  high  dips,  but  some  are  nearly 

1  As  to  the  origin  of  "  pockets"  In  the  Klamath  Mountains,  see  Ferguson,  H.  O.,  Qold  lodes  of  the 
W«averYllle  quadrangle,  Caltfomia:  U.  8.  Oeol.  Survey  Bull.  540,  pp.  40-43, 1914. 


GOLD-QUARTZ   LODE   MINES.  25 

flat  and  some  are  vertical.  The  widths  of  the  veins  are  generally  less 
than  1  foot;  a  great  many  are  considerably  less,  and  in  some  places 
they  form  an  intricate  network  of  stringers.  On  the  other  hand,  some 
veins  are  more  than  10  feet  wide.  Such  veins  are  either  separated 
into  several  parts  by  "horses"  or  there  is  a  decided  brecciation  of 
their  materials.  In  one  of  the  best  mines  in  the  region,  the  Greenback, 
the  average  width  of  the  vein  is  18  inches. 

The  vein  filling  consists  mainly  of  quartz,  which  is  usually  of  a 
milky-white  color.  Many  of  the  veins  contain  quartz  crystals  with 
perfect  outlines,  indicating  that  the  deposition  took  place  in  open 
fissures.  Calcite  is  commonly  found  with  the  quartz,  and  subordi- 
nate amounts  of  sulphides,  chiefly  iron  pyrites,  but  not  unconmionly 
arsenopyrite,  chalcopyrite,  and  galena  are  also  present.  A  few  of  the 
veins  contain  pyrrhotite.  The  sulphides  rarely  exceed  3  per  cent  of 
the  ores.  Telluride  ores  are  reported  from  a  number  of  mines,  and 
samples  of  undoubtedly  rich  telluride  ores  were  exhibited  as  coming 
£rom  thpse  mines,  but  the  writer  did  not  see  any  of  this  ore  in  place. 

A  study  of  the  fillings  of  the  veins  in  different  kinds  of  rock  suggests 
that  the  nature  of  the  country  rock  has  not  influenced  the  contents  of 
the  fissures  to  any  appreciable  extent.  The  gold  is  present  as  free 
gold  in  the  quartz  and  is  also  associated  with  the  sulphides  and 
tellurides,  some  of  the  concentrates  being  rich. 

Little  gold  has  been  found  in  the  country  rocks  adjacent  to  the 
veins.  These  rocks  in  some  places  are  only  slightly  altered,  but  in 
other  places  they  have  been  chloritized  and  in  still  others  the  products 
of  alteration  consist  of  carbonates,  albite,  quartz,  and  pyrite.  The 
presence  of  albite  rather  than  sericite,  a  conmion  mineral  in  the  wall 
rocks  of  the  gold-quartz  mines  of  California,*  is  ho  doubt  due  to  the 
fact  that  the  Oregon  rocks,  as  indicated  from  the  analyses  thus  far 
made,  are  considerably  richer  in  sodium  than  in  potassium. 

The  lower  limit  of  the  zone  of  oxidation  is  in  general  less  than  100 
feet  below  the  surface,  but  in  places  it  exceeds  200  feet. 

In  the  Bohemia  region  the  gold-bearing  quartz  veins,  being  in 
Tertiary  lavas,  are  evidently  of  later  age.  In  some  other  localities  in 
Oregon  the  quartz  veins  may  be  younger  than  the  earlier  Cretaceous 
but  older  than  the  Eocene.  By  far  the  greater  portion  of  the  vein 
filling  and  ore  deposition  in  southwestern  Oregon  took  place  about 
the  close  of  the  Jxu'assic  and  the  beginning  of  the  Cretaceous. 

BLUE   RIVER  MINING  REGION. 

Very  little  is  known  of  the  Blue  River  mining  region,  although  it 
has  kept  up  a  small  production  for  many  years.  A  very  brief  account 
of  this  district  was  given  in  my  report  on  the  Bohemia  mining  region.* 

1  Lindgren,  Waldemar,  Am.  Inst.  Mln.  Eng.  Trans.,  vol.  30,  p.  66S,  1901. 

s  DlUer,  J.  S. ,  The  Bohemia  mining  region  of  western  Oregon:  U.  8,  QeoL  Sonrey  TwentieUi  Ami.  Bcpt, 
pt.8,p.31,190a 
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The  Blue  River  region  lies  on  the  western  slope  of  the  Cascade 
Range,  near  McKenzie  Fork,  about  45  miles  east  of  Eugene.  It 
is  50  miles  a  little  east  of  north  from  the  Bohemia  region,  and  its 
rocks,  like  those  of  that  region,  are  wholly  igneous  and  of  com- 
paratively recent  origin.  The  rocks  differ,  however,  from  those  of 
the  Bohemia  district  in  being  generally  more  siliceous,  although  both 
andesites  and  basalts  occur.  Rhyolite  is  conmion,  especially  on  the 
slope  of  Crold  Hill,  where  much  of  it  is  so  conspicuously  banded  as  to 
be  mistaken  for  a  stratified  rock.  Some  of  the  prospects  lie  in 
altered  andesite.  The  summit  of  Gold  Hill  is  capp^  by  well- 
marked  basalt,  very  rich  in  oKvine. 

Many  claims  have  been  opened  up,  but  as  yet  that  of  the  Blue 
Bird  Mining  Co.  appears  to  be  the  most  active.  The  company  is  the 
only  one  in  the  Blue  River  region  reporting  a  production  in  1910 
and  continued  to  operate  in  1912. 

The  veins  of  quartz  contain  pyrite,  some  of  which  is  reported  to  be 
highly  auriferous.  Sphalerite  and  galenite  are  less  abundant  than  in 
the  Bohemia  district.  The  veins  strike  N.  60*'-88*'  W.  and  dip  75*^-9*' 
SW.,  approximately  parallel  to  those  of  the  Bohemia  region,  and  it 
may  be  inferred  that  they  originated  in  practically  the  same  earth 
movement. 

BOHEMIA  MININO  REGION. 

The  Bohemia  mining  region  lies  on  the  crest  of  Calapooya  Moim- 
tain,  a  shoulder  that  juts  out  from  the  western  slope  of  the  Cas- 
cade Range  and  forms  the  di- 
vide between  Willamette  and 
Umpqua  rivers  as  well  as  the 
boundary  line  between  Lane 
and  Douglas  counties.  The 
region  is  30  miles  southeast  of 
Cottage  Grove  on  the  Southern 
Pacific  Railroad,  as  shown  in 
figure  5,  and  may  be  reached 
by  a  branch  railroad  to  Diss- 
ton  and  12  miles  of  staging 
to  Champion.  Two  reports 
on  this  mining  district  have 
been  publishd  by  the  Geological  Survey.* 

The  Bohemia  region  is  one  of  special  interest.  Its  ore  deposits, 
occurring  in  the  Tertiary  lavas  of  the  Cascade  Range,  are  apparently 
the  latest  formed  in  southwest  Oregon.  They  lie  in  the  line  of  the 
most  northern  mineralized  belt  in  Curry  and  Douglas  coimties. 

1  DiUer,  J.  S.,  The  Bohemia  mining  region  of  western  Oregon:  U.  8.  Geol.  Survey  Twentieth  Ann.  Rept., 
pt.  3,  pp.  7-^6, 1900.  MacDonald,  D.  F.,  Notes  on  the  Bohemia  mining  district,  Oregon:  U.  8.  Geol.  Survey 
Bali.  380,  pp.  80, 84, 1909. 


Figure  5.— Map  of  the  Bohemia  mining  r^on,  showing 
its  accessibility  by  the  Southern  Pacific  Railroad. 
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The  following  description  is  taken  directly  from  Mr.  MacDonald's 
publication:^ 

FHTSIOORAPHY  AND   GENERAL  GEOLOGY. 

The  relief  of  the  district  is  pronounced.  Several  peaks  are  more  than  6,000  feet 
hig^  and  the  elevation  of  the  lowest  valleys  is  less  than  2,000  feet.  This  bold  relief 
18  the  result  of  mountain  glaciation  and  stream  erosion.  The  luxuriant  v^etation 
due  to  the  humid  climate  has  somewhat  masked  the  geologic  features  of  the  region. 
Great  forests  clothe  the  mountain  slopes  and  the  region  is  notable  for  its  timber  value. 

The  rocks  of  the  district  are  andesitic  lavas  and  tuffs  of  Tertiary  age  which  are  cut 
by  dacite  porphyry  and  probably  by  basalt.  The  andesites  are  the  most  abundant 
rocks.  Seven  consecutive  flows  aggregating  500  feet  in  thickness  appear  on  the  south 
face  of  Bohemia  Mountain.  They  vary  from  light  to  dark  gray  in  color  and  in  hand 
spedniens  show  small  elongated  phonocrysts  of  feldspar  and  very  small  greenish 
orystals  of  pyroxene  or  chlorite.  In  weathering  the  rock  assumes  a  light-gray  to 
buff  color,  the  feldspars  becoming  white  and  powdery.  Good  exposures  of  andesite 
are  shown  on  Bohemia,  Elephant,  Fairview,  and  Grizzly  mountains. 

The  tufis,  in  the  main,  are  of  andesitic  composition  and  at  many  places  are  inter- 
bedded  with  andesite  flows.  A  tuff  composed  of  coarse  fragments  occurs  near  the 
White  Ghost  claim  on  City  Creek.  Fine  tuff  interbedded  with  lava  is  shown  in  the 
crosBcut  to  No.  2  level  in  the  Noonday  mine.  Tlie  slope  east  of  Horseheaven  Creek 
shows  a  considerable  area  of  light-gray  stratified  tuffs.  Fine  gray  banded  tuffs  were 
seen  on  the  slopes  below  Judson  Rock.  These  tuffs  are  contemporaneous  with  the 
andesites,  particularly  with  the  later  flows. 

A  light-gray  rock,  probably  dacite  porphyry,  cuts  the  darker  andesites  and  tuffain 
many  places.  This  rock  on  fresh  fracture  shows  minute  aggregations  of  quartz,  laiger 
crystols  cf  feldspar,  and  small  dark  crystals  of  pyroxene  and  hornblende.  The  fine 
groundmasB  between  the  laige  crystals  is  gray  to  slightly  greenish,  the  green  tinge 
being  due  to  the  presence  of  chlorite.  This  dacite  porphyry  cuts  andesites  and  inter- 
bedded tuffs  at  several  places  along  the  road  about  halfway  between  Diaston  and 
Orseco.  It  also  occurs  within  half  a  mile  of  the  Musick  mine,  both  to  the  northeast 
and  to  the  southeast. 

Basalt  occurs  in  one  or  two  small  outcrops.  It  is  a  fine-grained  dark  lava,  best 
shown  on  the  south  edge  of  Bohemia  Mountain,  Its  small  outcrop  suggests  that  it  is 
intrusive  in  the  andesite. 

ORE  DEPOsrrs. 

The  ore  deposits  of  this  district  are  fissure  veins,  which  cut  the  andesites  and  tufb. 
Small  sulphide  impregnations  also  occur  in  the  vicinity  of  altered  diabasic  dikes,  but 
they  have  no  economic  value.  The  general  strike  of  the  veins  is  north  to  northwest, 
with  a  dip  of  60°  to  85°.  They  vary  from  1  foot  to  12  or  15  feet  in  width.  Some  are 
single  veins;  others  consist  of  two  or  more  parallel  veins,  separated  by  a  few  inches  to  a 
few  feet  of  highly  altered  country  rock.  At  the  Musick  mine  there  are  three  parallel 
veins,  1  to  4  feet  in  width,  separated  by  thin  walls  of  altered  country  rock.  Only  the 
fissure  veins  which  have  suffered  postmineral  fracturing  have  produced  profitable  ore. 
These  veins,  because  of  their  oxidized  and  easily  workable  condition,  gave  good 
returns  in  free  gold  in  their  upper  workings.  Veins  which  have  not  been  fractured 
since  they  were  mineralized,  or  which  are  situated  in  r^ons  of  maximum  erosion, 
such  as  old  glacial  cirques,  show  sulphide  ores  at  the  surface.  They  are  tightly 
cemented  and  relatively  impermeable  and  represent  the  conditions  of  mineralization 
that  prevail  in  all  the  veins  below  the  oxidized  zone.  The  minerals  which  they  con- 
tain are  sphalerite,  pyrite,  a  little  galena,  and  very  little  chalcopyrite,  with  a  gangue 

1 U.  6.  Qeol.  Survey  BolL  380,  pp.  80-84, 1900. 
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of  quartz,  altered  country  rock,  and  some  calcite.  So  far  these  veins  have  not  been 
found  profitable,  because  their  sulphide  ore  can  not  be  cheaply  treated,  the  tightness 
with  which  the  ore  is  cemented  makes  mining  more  expensive,  and  the  gold  tenor  is 
less  than  that  of  the  oxidised  material. 

HTDROTHERMAL  MSTAMORFHI8M. 

In  the  vicinity  of  the  veins  the  mineralizing  solutions  have  greatly  altered  the 
country  rock.  Several  hundred  feet  distant  from  a  vein  the  dark  color  of  the  rock  is 
in  many  places  changed  to  a  greenish  tinge,  while  close  to  the  deposit  it  is  gray  to  buff 
in  color,  has  a  clayey  appearance,  and  crumbles  easily.  The  pattern  of  the  rock  is 
fairly  well  preserved,  however,  the  outlines  of  the  feldspar  phenocrysts  being  clearly 
visible,  though  the  feldspar  material  has  been  changed  to  a  white  or  yellowish  powder. 

Under  the  microscope  it  is  seen  that  the  basic  feldspars  have  altered  into  seridte, 
calcite,  and  quartz,  the  quartz,  however,  being  in  relatively  small  quantity.  The 
ferromagnesian  minerals  have  been  changed  to  calcite,  and  the  iron  in  them  appears 
now  as  limonite  or  hematite.  Farther  away  from  the  vein,  where  metamorphism  was 
less  intense,  these  minerals  have  reached  only  the  chloritic  stage  of  alteration.  In 
many  veins  soft  disintegrated  country  rock  forms  a  considerable  part  of  the  vein  matter. 
An  examination  of  this  material  showed  that  near  the  surface  it  is  composed  essentially 
of  very  fine  granules  of  quartz  with  considerable  iron-stained  kaolin.  At  greater  depth 
the  same  rock  contains  an  abundance  of  sericite  and  calcite  with  very  little  kaolin. 

8ECOKDART  ALTERATION  AND  ENRICHMENT. 

Some  of  the  veins  were  brecciated  after  they  were  filled,  and  as  a  result  oxygenated 
waters  were  able  to  percolate  downward  along  the  fractured  zone.  The  ores  were 
thus  oxidized  and  sulphides  leached  out  to  depths  of  100  to  300  feet,  depending  on  the 
degree  of  brecciation  and  the  rate  of  erosion.  The  gold  occurred  as  threads  and  fila- 
ments included  in  the  pyrite.  The  pyrite  was  leached  away,  leaving  the  relatively 
iiysoluble  gold  and  some  iron  oxide  occupying  a  part  of  the  small  cavity  left  in  the  vein 
material.  This  process  brought  about  an  association  of  free  gold  with  iron-stained, 
spongy  quartz,  and  enriched  the  ore  by  leaching  out  the  valueless  sulphides.  It  also 
rendered  the  ore  soft  and  porous,  so  that  it  is  much  more  cheaply  mined  and  milled 
than  the  unaltered  ore. 

Small  local  enrichments  of  free  gold  occur  at  the  junctions  of  fissures,  pyrite  being 
abundant  at  these  junctions,  as  shown  by  the  mass  of  iron  oxide  left.  It  is  probable 
that  the  smaller  particles  of  gold  were  dissolved  from  the  upper  parts  of  the  vein  by 
the  ferric  sulphate  solutions  of  oxidized  pyrite  and  were  precipitated  by  the  local 
masses  of  pyrite  below. 

Some  secondary  sulphides  were  observed,  but  these  are  of  no  commercial  value. 
They  consist  of  pyrite  crystals  deposited  in  cracks  in  primary  pyrite  and  of  very  small 
masses  of  sphalerite  and  galena.  Other  secondary  minerals  noted  were  calcite  and, 
rarely,  cerusite. 

MINING   DEVELOPMENT. 

Gold  was  first  discovered  in  Bohemia  in  1858.  In  1875  the  first  mill,  a  five-stamp 
battery,  was  built  on  the  Knott  claim.  From  1877  to  1891  little  was  done  in  the  dis- 
trict. In  the  nineties  the  Musick,  Champion,  Noonday,  Vesuvius,  and  several  other 
mines  became  active,  and  mills  aggregating  35  or  more  stamps  were  built.  At  the 
time  of  visit,  in  August,  1908,  no  ore  was  being  milled  in  the  district,  nor  had  any 
milling  been  done  since  the  previous  summer.  Several  companies,  however,  had  men 
employed  in  prospecting  and  development. 

Figures  for  the  total  output  of  the  camp  are  not  available.  As  nearly  as  can  be 
judged  from  the  statistics  published  in  *^ Mineral  Kesources  of  the  United  States,'' 
and  from  verbal  reports,  the  total  product  is  probably  between  $300,000  and  $400,000, 
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nudnly  in  free  gold.  Although  some  rich  shoots  occur  locally,  the  average  tenor  of  the 
ofe  IB  low,  generally  running  $3  to  $5  a  ton.  The  soft,  spongy,  iron-stained  vein  mate- 
rial is  cheaply  mined  and  milled.  The  cost  of  mining  is  from  $1.50  to  $2  a  ton,  and  of 
milKng  little  over  50  cents  a  ton.  The  concentrates  range  in  value  from  $20  to  $70 
a  ton  and  consist  in  the  main  of  auriferous  pyrite,  with  silver  and  a  little  lead  and 
copper.  Values  less  than  $25  a  ton  can  not  be  profitably  shipped  because  of  present 
hig^  freight  rates. 

The  principal  mines  of  the  region  which  have  produced  values  are  the  Muaick, 
Champion,  Vesuvius,  Noonday,  Helena,  and  California,  a^d  there  are  others  of  lesser 
note.  The  Musick  leads  in  development,  with  about  a  mile  of  drifts  along  six  50-foot 
levels.  Of  these,  levels  4  and  6  are  reached  by  short  crosscuts  which  tap  the  vein 
from  the  basin  at  the  head  of  City  Creek.  About  2,000  feet  to  the  west,  on  the  other 
slope  of  the  divide,  a  portal  from  one  of  the  lower  drifts  opens  outx^lose  to  a  good  stand 
of  mining  timber.  A  shaft  80  feet  deep  connects  directly  with  the  two  upper  levels 
and  through  various  stopes  with  most  of  the  lower  workings,  thus  giving  good  ventila- 
tion to  the  mine.  Most  of  the  ore  was  hauled  out  at  the  lower  level,  which  attains  a 
m^Tifniim  depth  of  about  300  feet. 

The  Champion,  Vesuvius,  and  Noonday  have  each  about  half  a  mile  of  workings. 
In  the  Champion  most  of  the  development  work  has  been  done  on  two  levels,  the 
lower  of  which  attains  a  maximum  deptii  of  about  200  feet  and  is  reached  by  a  crosscut 
a  few  hundred  feet  in  length  through  which  all  the  ore  is  brought  out.  A  considerable 
amount  of  stoping  has  been  done,  particularly  where  the  greatest  oxidation  occurred. 
The  lower  workings  here  show  considerable  amounts  of  primary  sulphides.  The  Vesu- 
vius has  been  worked  from  several  levels  to  a  depth  of  about  300  feet  and  has  many 
stopee.  The  steep  slope  on  which  it  is  situated  has  facilitated  its  development  by 
tunnels  and  has  afforded  a  gravity  transfer  for  the  ore  from  stope  to  mill,  as  well  as 
good  ventilation  and  drainage  for  all  the  workings.  The  Noonday  ha»  three  principal 
levels,  all  tapped  by  crosscuts  from  the  steep  slope  of  the  Horseheaven  basin;  the  lowest 
level  attains  a  maximum  depth  of  about  300  feet.  Considerable  stoping  was  done, 
and  the  ore  from  the  stopes  was  sent  down  to  the  mill  on  an  aerial  tramway  about 
one-third  of  a  mile  in  length.  The  Helena  has  more  and  the  California  somwehat 
less  than  1,000  feet  of  workings.  Both  are  developed  by  tunnels  which  will  attain 
100  to  300  feet  of  depth.  The  Helena  has  two  levels  and  has  produced  some  very  rich 
specimen  ore. 

The  ore  from  the  Musick  mine  was  hauled  over  a  practically  level  electric  tramway 
about  a  mile  in  length  and  dumped  into  the  ore  bins  of  the  Champion  mine.  Thence 
the  ore  of  both  mines  was  sent  down  to  the  mill  on  a  steep  incline,  3,400  feet  long. 
Haulage  was  effected  by  an  endless  cable  to  which  the  mine  cars  were  attached  by 
means  of  an  automatic  grab,  the  loaded  cars  going  down  pulling  the  empties  up.  The 
Musick-Champion  mill,  the  largest  in  the  district,  has  30  stamps  and  is  run  by  a 
water-driven  electric  generating  plant  located  on  Frank  Bryce  Creek,  7  miles  below 
the  mine.  It  handled  the  ore  from  both  the  Musick  and  Champion  mines.  The  elec- 
tric plant  was  designed  to  develop  300  horsepower  and  to  operate  the  stamp  mill,  a 
small  sawmill,  and  a  local  electric-light  plant,  and  to  furnish  mine  power.  A  small 
auxiliary  steam  plant  is  provided  for  use  in  case  of  need.  Other  milling  plants  in  the 
district  are  a  10-stamp  mill  at  the  Vesuvius  mine,  a  5-stamp  mill  at  the  £1  Calado 
property,  and  a  20-stamp  mill  on  the  Noonday  group. 

SILVER  AND  COPPER  PROSPECTS. 

The  Riverside  and  Oregon-Colorado  claims  are  prominng  copper  prospects  which 
show  some  good  chalcopyrite  ore  and  are  located  on  strong  veins.  Hie  Combination 
property  covers  a  somewhat  extensive  lode,  consisting  of  one  lazge  vein  and  some 
smidler  veins,  and  is  said  to  have  produced  ore  which  assayed  more  than  25  ounces  of 
aihrer  to  the  ton. 
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FUTURE  OF  THE   DISTRICT. 

The  Bohemia  district  contains  many  well-defined  veins  and  lodes.  Many  of  those 
which  show  on  the  surface  have  not  yet  been  explored,  and  no  doubt  many  more  are 
obscured  by  the  dense  vegetation  which  covers  a  large  part  of  the  district.  It  seems 
reasonable  to  suppose  that  other  mines  will  yet  be  opened  and  will  find  workable 
gold  ore,  at  least  in  the  upper  and  oxidized  portion  of  tiie  veins.  Workable  bodies  of 
copper  and  silver  may  possibly  be  discovered  in  the  district. 

In  1910  there  were  four  producing  companies  in  the  Bohemia 
region.  The  entire  output  of  the  Bohemia  district  in  1912  came  from 
deep  mines,  the  largest  producer  being  the  West  Coast  mine^  which 
is  opened  by  a  1,000-foot  tunnel  and  has  a  30-stamp  mill.  It  is 
reported  as  one  of  the  large  deep  mines  of  Oregon  by  C.  G.  Yale  in 
his  preliminary  estimate  for  1913,  but  details  are  not  yet  available. 

POBT  OBFOKD  QUADRANGLE. 

The  placers  of  the  Sixes  River  and  Johnson  Creek  region,  extending 
15  miles  in  a  direction  N.  80*^  W.  from  Coos  County  into  Curry 
County,  have  long  attracted  attention,  and  many  attempts  have  been 
made  to  locate  the  source  of  the  gold.  The  principal  endeavors  were 
made  at  Rusty  Butte,  Salmon  Mountain,  and  on  Poverty  Gulch. 
Several  quartz  mills  have  been  erected  and  small  pockets  found. 
At  Poverty  Gulch  on  Johnson  Creek  the  work  has  been  most  per- 
sistent, one  lode  mine  and  two  placers  being  reported  in  1910,  but  the 
total  output  was  small.  The  quartz  veins  containing  free  gold  and 
auriferous  pyrite  are  in  gabbroid  greenstone. 

On  Rusty  Butte,  which  yielded  some  jfine  specimens  of  wire  gold, 
prospects  were  at  one  time  very  encouraging.  Some  portions  of  the 
disintegrated  iron-stained  material  contained  quartz  and  others  con- 
tained calcite,  associated  with  pyrite,  arsenopyrite,  and  small  cubic 
crystals  of  galena. 

On  the  northwest  slope  of  Salmon  Mountain,  not  far  from  the 
contact  between  gabbro  and  Mesozoic  slates,  auriferous  quartz  veins 
have  been  prospected  by  several  tunnels,  but  the  search  has  not  been 
as  successful  or  persistent  as  at  Poverty  Gulch  on  Johnson  Creek, 
where  several  mines  have  reported  a  small  production  for  years. 

The  principal  mine  on  Johnson  Creek  some  years  ago  was  an  open 
cut  into  a  steep  slope  exposing  a  very  ferruginous  seamy  quartz  mass 
containing  much  black  manganese  oxide.  It  is  situated  on  the  con- 
tact of  a  form  of  dacite  porphyry  and  slates,  intermingled  with  other 
igneous  rocks  which  the  dacite  porphyry  intersects. 

The  black  oxide  of  iron  and  manganese  interferes  mechanically  to  a 
considerable  degree  with  the  amalgamation  of  the  gold.  The  east-west 
dike  of  dacite  porphyry  has  doubtless  had  much  to  do  with  the 
mineralization  of  the  Johnson  Creek  region.  In  1912  Curry  County 
produced  placer  gold  to  the  value  of  $12,786,  besides  39.91  fine 
ounces  from  lode  mines. 


OOLD-QUAETZ   LODE   MllOfiS.  81 

BOSEBURG  QUADRANGLE. 

Tlie  Roseburg  quadrangle  lies  in  the  middle  portion  of  Douglas 
County  and  includes,  in  the  mining  region  of  Myrtle  Creek,  the  only 
lode  mines  between  the  Bohemia  region  on  the  north  and  the  Rid- 
dles quadrangle  on  the  south. 

The  Myrtle  Creek  region  has  not  been  visited  by  geologists  of  the 
United  States  Geological  Survey  within  the  last  10  years.  Only 
one  producing  mine  was  reported  in  }  910.  The  earlier  developments 
were  by  placer  mining  in  disintegrated  gabbro  that  carried  small 
auriferous  quartz  veins,  but  the  later  production  has  been  reported 
chiefly  from  lode  mines.  The  total  production  of  gold  in  Douglas 
County  in  1912  amounted  to  684.07  fine  ounces,  or  25.64  ounces 
more  than  that  of  Curry  County.  Of  this  quantity  539.91  fine  ounces 
came  from  the  placers. 

RIDDLES   QUADBANGLE. 
MIHIHO  COHDZTZOVB. 

The  northern  half  of  the  Riddles  quadrangle  (see  fig.  1,  p.  10)  is 
in  Douglas  Coimty  and  the  southern  half  is  almost  equally  divided 
between  Jackson  and  Josephine  counties. 

The  location  of  the  principal  mines  and  prospects  of  the  Riddles 
quadrangle  in  1907  is  shown  in  figure  6,  and  their  descriptions  are 
chiefly  as  given  by  Prof.  Kay. 

Much  prospecting  for  gold  quartz  veins  has  been  done  during  the 
last  15  years  within  the  area  of  the  Riddles  quadrangle.  Compara- 
tively few  important  discoveries  have  been  made,  but,  although  some 
of  the  mines  are  no  longer  producing,  others,  once  idle,  have  resumed 
work  and  become  important  producers.  Some  of  the  principal  mines 
are  described  below. 

OHXBHBAOS  KZVB. 

The  (Greenback  mine,  once  the  largest  producer  in  southwest 
Oregon,  has  again  obtained  that  distinction.  It  is  situated  on  Tom 
East  Creek,  a  branch  of  Grave  Creek.  On  the  same  stream,  a  little 
farther  down,  is  the  Columbia  placer  mine,  which  is  one  of  the  largest 
in  the  State. 

The  Greenback  was  discovered  in  1897  by  two  prospectors  who 
lived  in  the  vicinity  of  Placer,  on  Grave  Creek.  They  worked  the 
deposit  for  about  a  year,  treating  the  ore  with  an  arrastre  at  Placer. 
They  then  sold  the  property  for  (30,000  to  the  Victor  Junior  Gold 
Mining  Co.,  and  Messrs.  Moffatt  &  Smith,  of  Denver.  In  1902  more 
than  90  per  cent  of  the  stock  was  purchased  by  Mr.  Brevort,  and  the 
corporation  was  named  the  Greenback  Gold  Mining  &  Milling  Co. 
No  transfer  has  since  been  made. 
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From  the  time  when  the  property  came  into  the  possession  of  the 
Victor  Junior  Gold  Mining  Co.  until  1906,  the  development  of  the 
mine  was  rapid,  more  equipment  being  added  each  year.  At  first 
a  5-stamp  mill  was  installed,  later  5  stamps  were  added,  and  in 
1902,  when  Mr.  Brevort  became  the  chief  owner,  there  were  15 
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stamps,  besides  a  crusher,  an  air  compressor,  and  three  Wilfley 
tables  for  concentrating.  Mr.  Brevort'a  company  soon  began  the 
construction  of  a  new  mill,  about  a  quarter  of  a  mile  farther  down  the 
stream.  At  first  20  stamps  were  used  in  this  mill.  This  number  was 
increased  until,  in  1905,  40  stamps  were  being  used.  The  new  plant 
has  three  large  Risdon  crushers  and  12  concentrating  tables.    There 
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is  also  a  cyanide  plant,  consisting  of  four  large  tanks,  with  a  capacity 
iof  100  tons  a  day.  For  a  while  the  mill  was  equipped  with  both 
steam  and  water  power,  but  in  1906  a  complete  electric  system  was 
installed.  The  power  was  brought,  by  way  of  Grants  Pass,  from  the 
Ray  dam  on  Rogue  River,  a  distance  of  about  30  miles.  In  August, 
1906,  work  at  the  mine  was  suspended,  but  it  was  resumed  before  1910. 

The  workmgs  of  the  mine  are  extensive,  consisting  chiefly  of  cross- 
cut tunnels  to  the  vein  and  drifts  and  shafts  on  the  vein.  Much  of  the 
ore  has  been  stoped  along  the  whole  length  of  the  vein  to  a  depth  of 
about  1,000  feet  from  the  surface.  The  lowest  workings  are  on  the 
twelfth  level. 

The  country  rock  is  greenstone,  which  is  considerably  metamor- 
phosed, but  which,  where  most  free  from  alteration,  resembles  a  gab- 
bro.  To  the  east  and  southeast  of  the  mine  a  considerable  area  of 
serpentine  is  present,  and  a  short  distance  to  the  north  Ues  the 
southwestern  limit  of  a  band  of  siliceous  slates  which  extends  for 
some  miles  to  the  northeast. 

The  Greenback  vein  has  a  direction  almost  east  and  west  and  dips 
in  general  about  60^  N.  It  averages  about  18  inches  in  width  but 
ranges  from  less  than  6  inches  to  more  than  4  feet.  A  crushed  zone 
of  quartz  stringers  and  country  rock,  forming  in  places  a  beautiful 
breccia,  is  present  where  the  vein  is  widest.  The  country  rock  of  the 
breccia  is  strongly  chloritized  and  contains  sulphides  which  carry 
gold.  In  many  places  the  foot  and  hanging  walls  of  the  vein  are 
fairly  definite,  but  where  considerable  brecciation  has  occurred  there 
is  no  distinct  boundary  between  the  vein  material  and  the  chloritized 
country  rock.  The  .vein  is  cut  off  sharply  to  the  east  against  serpen- 
tine and  to  the  west  by  a  fault.  Between  the  serpentine  and  the 
fault  plane  the  vein  has  an  average  length  of  more  than  500  feet  and 
within  this  distance  there  are  only  minor  displacements.  The  vein 
has  not  been  picked  up  to  the  west  beyond  the  fault  plane,  nor  has  it 
been  found  in  the  serpentine  to  the  east.  This  latter  fact  tends  to 
prove  that  the  rock  from  which  this  serpentine  was  derived  was 
younger  than  the  vein,  rather  than  that  the  present  relations  are  due 
to  displacements  between  the  greenstone  and  its  decomposition 
product,  the  serpentine,  as  is  indicated  in  some  places  in  the  quad- 
rangle. 

The  vein  filling  consists  of  quartz,  calcite,  and  pyrite,  which  vary 
in  amount  in  different  parts  of  the  vein.  The  average  content  of 
the  ore  mined  from  the  first  and  second  levels  was  between  $8  and 
$9  to  the  ton;  a  few  assays  on  these  levels  ran  above  $40  to  the  ton. 
Capt.  Buck  states  that  over  75  per  cent  of  the  gold  was  free  milling. 
The  concentrates  ran  about  $75  to  the  ton  and  after  cyaniding  the 
ores  contained  less  than  $1  to  the  ton.  Within  the  mine  there  is  but 
little  evidence  of  oxidation  of  the  ores,  except  near  the  surface. 
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The  Greenback  mine  was  reported  as  operating  in  1912.  Its  plant 
has  a  maximum  capacity  of  100  tons  a  day. 

A  short  distance  south  of  the  Greenback  vein  and  running  almost 
parallel  to  it  is  the  Irish  Girl  vein,  on  which  very  little  work  has 
been  done. 


The  Martha  mine  is  m  the  SW.  J  sec.  28,  T.  33  S.,  R.  5  W.,  about 
IJ  miles  north  of  the  Greenback.  It  was  purchased  by  the  Green- 
back Co.  in  1904  and  somewhat  extensively  developed.  The  electric 
power  of  the  Greenback  was  extended  to  this  property,  and  in  1906 
an  aerial  tramway,  said  to  have  cost  $20,000,  was  constructed  to 
connect  the  two  mines.  For  a  few  months  the  ore  of  the  Martha 
was  conveyed  by  the  tramway  to  the  Greenback  plant  and  treated 
there.  The  company  also  installed  a  75-horsepower  air  compressor. 
When  the  Greenback  was  closed  the  company  also  stopped  all  work 
at  the  Martha,  but  since  then  both  mines  have  resumed  work. 

,  The  mine  was  prospected  by  four  tunnels  whoiae  length  aggregates 
nearly  3,000  feet.  At  the  time  the  property  was  examined  (June, 
1907)  it  was  leased  by  J.  M.Clarke,  of  Golden,  Greg.,  who  had  brought 
in  five  stamps  and  was  treating  the  ore  which  had  been  mined  by 
the  Greenback  Co.  but  which  had  not  been  shipped  to  the  mill. 

The  country  rock  is  greenstone.  TheH)res  resemble  those  of  the 
Greenback  but  do  not  carry  as  much  gold.  They  occur  in  narrow 
veinlets  and  stringers  in  zones  of  shearing  and  brecciation,  which 
have  a  general  trend  between  northwest  and  west  and  a  range  in 
width  ITom  a  few  inches  to  more  than  4  feet. 


The  Baby  mine  is  situated  in  the  northwest  comer  of  sec.  16,  T.  35 
S.,  R.  5  W.,  and  is  owned  by  the  Capital  City  Gold  Mining  Co.  The 
property  was  located  in  1897  and  since  that  time  has  been  extensively 
developed  by  its  present  and  former  owners.  It  is  now  leased  by 
R.  S.  Moore,  of  Grants  Pass.  During  the  summer  of  1907  three 
stamps  were  in  operation,  but  they  appear  to  have  ceased  before 
1910.  Mr.  Adams,  the  manager  of  the  company,  says  that  the  mine 
has  yielded  gold  to  the  value  of  more  than  $20,000. 

The  equipment  comprises  a  5-stamp  mill,  two  boilers,  n  concentrat- 
ing table,  and  a  small  crusher.  The  development  consists  of  more 
than  1,500  feet  of  tunnels,  shafts,  drifts,  upraises,  and  crosscuts. 

The  vein  occurs  in  greenstone  and  averages  about  4  feet  in  width, 
but  in  places  becomes  a  fissured  zone  more  than  10  feet  wide  com- 
prising many  parallel  stringers  of  quartz  which  carry  gold.  The 
vein  ranges  in  direction  from  northwest  to  neariy  west  and  dips 
northeast,  generally  at  high  angles,  although  in  some  places  it  is 
almost  vertical  and  in  others  almost  flat. 
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A  striking  feature  of  the  mine  is  the  prevalence  of  faults,  which 
are  not  only  numerous  but  vary  considerably  in  direction  and  in 
amount  of  displacement.  One  of  the  most  prominent  of  the  fault 
planes  runs  S.  80""  W. 

The  vein  material  consists  of  a  somewhat  sugary-looking  quartz, 
some  calcite,  and  some  pyrite.  The  gold  is  carried  chiefly  by  the 
quartz;  in  many  parts  of  the  vein  free  gold  may  be  seen  with  the 
unaided  eye.  The  sulphide  varies  in  amount  in  different  parts  of 
the  vein  and  wh^n  concentrated  yields  about  $75  worth  of  gold  to 
the  ton. 


The  Silent  Friend  property  lies  in  the  southern  part  of  sec.  15,  T. 
33  S.,  R.  5  W.,  on  the  north  slope  of  Post  Mountain.  It  is  owned  by 
the  original  locators,  John  Scribner  and  Greorge  Henderson,  both  of 
Speaker,  Oreg.  They  discovered  the  vein  in  1900,  worked  it  until 
1902,  and  then  leased  it  for  18  months  to  Joseph  Dysert.  From  the 
expiration  of  this  lease  imtil  August,  1906,  no  development  was  carried 
on,  but  for  some  time  after  that  date  the  owners  worked  the  mine 
on  a  small  scale.  Mr.  Scribner  states  that  from  the  oxidized  material 
on  the  surface,  overlying  a  network  of  small  stringers,  he  has  taken 
gold  to  the  value  of  more  than  $7,000. 

The  chief  development  has  been  by  two  tunnels,  the  lower  of  which 
is  320  feet  in  length  and  crosscuts  several  smaU  stringers.  The  upper 
timnel  is  75  feet  in  length  and  has  an  upraise  to  the  surface. 

The  country  rock  is  greenstone,  which  is  strongly  chloritized  adja- 
cent to  the  veins.  The  chloritization  is  no  doubt  due  to  the  action 
of  the  mineral-bearing  solutions.  The  ores  are  found  in  veinlets  and 
stringers  which  run  in  various  directions,  but  the  majority  of  them 
have  a  general  trend  between  southwest  and  west. 

The  filling  consists  of  quartz,  calcite,  pyrite,  arsenopyrite,  and 
locally  chalcopyrite.  Some  specimens  of  ore,  which  were  foimd  to 
consist  largely  of  calcite,  chlorite,  and  arsenopyrite,  contained  consid- 
erable free  gold  visible  to  the  unaided  eye.  These  specimens,  which 
were  taken  from  the  bottom  of  one  of  the  drifts,  appeared  to  represent 
in  the  mine  the  ore  of  an  18-inch  brecciated  zone,  which  could  be 
followed  for  several  feet. 

DAISY  MINE.  ' 

The  Daisy  mine,  which  is  situated  on  the  divide  at  the  head  of 
Jack  Creek,  is  on  one  of  six  claims  that  constitute  the  Oregon  Mohawk 
gold  nunes,  owned  by  G.  R.  Smith,  of  Grants  Pass.  It  was  discov- 
ered in  1890  and  for  a  time  was  worked  under  the  name  of  the  Ham- 
mersley  mine.  Then  the  stock  was  acquired  by  Morton  Lindley,  of 
San  Francisco,  who  later  disposed  of  it  to  the  present  owner. 

Preparations  were  being  made  during  the  summer  of  1907  to  pump 
the  water  from  the  mine,  which  had  been  idle  for  some  time,  and 
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mining  operations  were  to  be  resumed.  Mr.  Smith  stated  that  the 
mine  had  produced  gold  to  the  value  of  more  than  $200,000. 

The  workings  consist  of  an  inclined  shaft  175  feet  in  depth,  from 
which,  at  115  feet  below  the  surface,  a  drift  runs  along  the  vein  for 
350  feet  to  the  west  and  50  feet  to  the  east.  All  the  ore  abpve  has 
been  stoped.  From  the  bottom  of  the  shaft  a  drift  nms  eastward 
on  the  vein  for  140  feet  and  westward  for  243  feet. 

The  veinlets  of  gold-bearing  quartz  carrying  pyrite  run  about  east 
and  west  and  are  in  a  chloritized  greenstone.  The  ore-bearing  zone 
has  a  width  of  about  3  feet. 

MO U JUT  PITT  MIHE. 

The  Mount  Pitt  mine  is  situated  in  the  southeast  comer  of  sec.  36, 
T.  34  S.,  R.  5  W.  It  was  located  by  H.  G.  Rice,  of  Grants  Pass,  the 
present  superintendent.  The  property  is  owned  by  A.  C.  Hooper,  of 
Portland. 

The  present  workings  consist  of  an  entrance  tuiyiel  of  225  feet  to 
cut  the  vein,  a  drift  of  100  feet  along  the  vein,  and  an  upraise  of  200 
feet  from  the  drift  to  the  surface.  A  miU  has  recently  been  erected, 
containing  a  crusher,  an  automatic  feeder,  5  stamps,  and  a  concen- 
trating table. 

The  ore  is  found  in  smjall  irregular  veins  in  sheared  greenstone, 
the  sheared  zone  being  usually  about  3  feet  wide.  The  quartz  veins 
are  rarely  well  marked,  the  greatest  width  of  quartz  seen  being  4 
inches,  and  this  is  not  persistent  for  more  than  a  yard  or  so.  The 
quartz  veinlets  are  in  general  parallel  to  the  plane  of  shearing,  but 
some  of  them  are  small  cross  gash  veins  nearly  horizontal. 

OROFINO  MINE. 

The  Orofino  property,  which  is  located  in  sec.  3,  T.  35  S.,  R.  5  W., 
has  been  closed  for  several  months,  and  the  workings  are  beginning 
to  cave.  The  present  owners  are  Messrs.  Monahan  &  Mason,  of 
Seattle.  The  last  work  was  done  by  B.  F.  Chase,  of  Portland,  who 
had  a  lease. 

C.  D.  Crane,  of  Grants  Pass,  stated  that  nearly  2,000  feet  of  work 
had  been  done  on  this  property.  Fourteen  carloads  of  ore  have  been 
shipped  to  smelters  at  Tacoma,  Wash.,  and  Ashland,  Oreg.  At  one 
time  the  mine  had  considerable  equipment,  including  a  2-stamp  mill, 
cyanide  tanks,  rock  crushers,  boilers,  and  hoists,  but  much  of  this 
material  has  been  sold  and  shipped  away. 

The  ore  occurs  in  veinlets  and  stringers  in  a  much  fractured,  brec- 
ciated,  and  chloritized  greenstone.  Many  of  the  fragments  of  country 
rock  of  the  breccia  contain  considerable  pyrite.  The  vein  filling  con- 
sists chiefly  of  quartz  and  calcite,  and,  as  shown  by  the  relations  of 
the  two,  the  calcite  was  deposited  later  than  the  quartz.     Sulphides 
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are  also  present  in  some  parts  of  the  vein  in  considerable  amounts^ 

but  in  other  parts  they  are  abnost  entirely  absent.    A  large  amount 

of  ore  is  now  lying  on  the  dump,  and  many  sacks  of  ore  are  ready  for 

shipment. 

OTHBR  unrsB  nr  thb  orebvstohe  abzas. 

All  the  mines  thus  far  described  are  associated  with  greenstones 
and  the  descriptions  indicate  that  the  character  of  the  ores  and  their 
modes  of  occurrence  are  very  similar.  Many  other  mines  and  pros- 
pects associated  with  the  greenstones  might  be  described,  but  they 
would  show  few  new  features.  Some  of  these,  as  for  example  the 
Qold  Leaf  and  the  Black  Diamond  in  the  Cow  Creek  region,  are  now 
being  developed  and  producing;  some  have  been  extensively  pros- 
pected but  have  never  produced;  others  have,  in  the  past,  produced 
small  amounts  but  are  no  longer  being  worked.  Among  such  mines 
and  prospects  may  be  mentioned  the  Lucky  Queen,  Mill's  prospect. 
Star  mine,  Olympic  prospect,  Spotted  Fawn  prospect,  Blalock  & 
Howe  mine.  Eagle  prospect,  Cramer  prospect,  Gopher  mine.  Trust 
Buster,  and  Dick  prospect,  most  of  which  are  indicated  on  the  map 
(fig.  6,  p.  32).  To  the  north  of  the  area  shown  on  the  map  are  the 
Qold  Bluff  and  Levens  Ledge  mines,  both  near  Canyonville. 

CORPORAL  O  XZHX. 

Of  the  mines  which  are  not  associated  with  the  greenstones  but 
with  metamorphosed  sediments  the  chief  are  the  Corporal  G  mine 
and  the  Lucky  Bart  group,  which  lie  west  of  the  Left  Fork  of  Sardine 
Creek. 

The  Corporal  G  mine  is  located  in  the  southern  part  of  sec.  19, 
T.  35  S.,  K.  3  W.  It  was  discovered  in  1904  by  J.  R.  McKay,  who, 
after  taking  out  considerable  rich  ore,  sold  it  to  Mrs.  Nina  M.  Smith, 
of  Gold  HiU,  the  present  owner.  The  property  is  now  leased  by  J.  E. 
Kirk. 

The  workings  consist  of  three  tunnels,  one  above  another,  on  the 
vein.  The  longest  tunnel  is  92  feet  in  length,  the  shortest  63  feet. 
The  ore  occurs  in  a  small  vein  which  has  fairly  definite  walk  of  mica- 
ceous quartzite  and  mica  slate.  The  average  width  of  the  vein  is 
about  7  inches;  it  strikes  S.  85®  W.  and  dips  steeply  to  the  north. 
The  filling  consists  chiefly  of  quartz  and  calcite,  but  pyrite,  pyrrhotite, 
chalcopyrite,  bornitc,  sphalerite,  and  galena  are  also  present.  A  few 
of  the  hand  specimens  show  free  gold. 

Close  to  the  Corporal  G  is  the  Voltmteer  claim,  on  which  a  stringer 
running  parallel  to  the  Corporal  G  was  followed  by  a  drift  for  135 
feet,  where  it  pinched  out.  This  stringer  intersects  a  barren  cross 
vein  nmning  about  N.  30®  E.;  at  the  intersection  the  ore  in  the 
stringer  is  said  to  have  been  enriched. 
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LVOKT  BAST  OBOUP. 

The  Lucky  Bart  group  consistfi  of  1 1  claims  in  the  NW.  }  sec.  29 
and  the  SE.  }  sec.  30,  T.  35  S.,  R.  3  W.  The  chief  claim,  the  Buckskin 
or  Lucky  Bart,  was  discovered  by  Joseph  Cox,  who  sold  it  in  1892 
for  $15,000.  This  amount  he  had  to  share  with  his  partner,  Bart 
Signoft^tti,  who  had  had  no  part  in  the  discovery,  hence  the  name 
Lucky  Bart.  The  company  which  bought  the  property  worked  it 
four  years,  when  one  of  the  shareholders,  J.  H.  Beeman,  of  Gold  EQU, 
purchased  the  rights  of  his  associates  and  became  the  owner.  About 
the  same  time  Mr.  Beeman  purchased  adjoining  claims  until  he  had 
title  to  all  the  property  included  in  the  Lucky  Bart  group.  At  present 
mining  operations  are  being  carried  on  at  only  one  of  the  claims,  the 
Tours  Truly.  The  workings  on  the  other  claims,  mainly  on  the 
Lucky  Bart,  are  in  i^uch  condition  that  it  is  imsafe  to  enter  t.iem. 
The  only  workings  examined  were  those  of  the  Yours  Truly.  Lif or- 
mation  with  regard  to  the  other  workings  of  the  group  was  obtained 
from  J.  H.  Beeman  and  J.  E.  Kirk.  The  Lucky  Bart  group  was 
reported  as  operating  in  1912. 

Ore  has  been  mined  from  five  veins  which  run  in  a  general  direction 
a  little  south  of  west.  These  veins  are  on  the  average  less  than  2 
feet  wide.  The  coimtry  rock  is  metamorphosed  sediment,  mainly 
mica  slates  and  micaceous  quartzites.  The  general  strike  of  these 
rocks  in  this  vicinity  is  somewhat  east  of  north;  the  dip  is  to  the 
southeast  and  is  in  general  at  fairly  high  angles.  The  total  amount 
of  ore  that  has  been  milled  exceeds  14,000  tons,  which  yielded  from 
$4.80  to  $100  a  ton  of  free-milling  ore.  The  ore  from  the  T^ucky  Bart 
claim  carried  an  average  of  3  per  cent  of  sulphides,  which  ran  from 
4  to  8  ounces  of  gold  to  the  ton  and  a  like  amount  in  silver.  Nine 
tons  of  ore  from  the  deepest  workings  of  this  claim  were  shipped  to 
the  Tacoma  smelter  and  gave  returns  of  $130  to  the  ton.  Practically 
all  the  ores  from  the  group  have  been  treated  at  a  mill  on  Sardine 
Creek;  the  sulphides  were  shipped  to  the  smelters  at  Tacoma,  Wash., 
and  Selby,  Cal. 

At  the  Yours  Truly,  where  work  is  now  being  done  by  J.  E.  Kirk, 
who  has  a  lease  on  the  property,  the  workings  consist  of  an  entrance 
tunnel  of  75  feet  to  the  vein,  100  feet  of  drifting  on  the  vein,  and  a 
shaft  of  30  feet.  The  country  rock  is  mica  slate.  The  vein  has  an 
average  width  of  about  1  foot  and  strikes  S.  85°  W.  At  the  end  of 
the  drift  there  are  two  veinlets,  8  inches  and  4  inches  in  width,  and 
also  a  small  seam.  Within  the  workings  there  is  evidence  of  con- 
siderable faulting.  The  directions  of  the  fault  planes  observed  were 
somewhat  east  of  north.  Mr.  Kirk  states  that  the  veins  carry  more 
gold  adjacent  to  the  fault  planes  than  elsewhere.  The  ores  of  the 
Yours  Truly  are  highly  oxidized  and  carry  an  average  value  of  more 
than  $30  to  the  ton. 
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covoLxnuom. 

• 

Of  the  many  veins  and  veinlets  within  the  Riddles  quadrangle  on 
which  work  has  been  done,  comparatively  few  have  been  developed 
into  profitable  mines.  The  chief  reason  is  to  be  found  in  the  structural 
features  of  the  rocks  in  which  the  ores  occur.  The  Paleozoic  and 
early  Mesozoic  sediments  with  their  associated  igneous  rocks  were, 
previous  to  the  mineralization  of  the  region,  subjected  to  earth  move- 
ments of  such  a  nature  that  no  definite,  continuous  fissures  were 
formed  but  rather,  in  general,  innumerable  minute  and  irregular 
fractures  running  in  various  directions.  Later,  when  the  mineral- 
bearing  solutions,  which  may  have  been  connected  with  one  or  more 
of  the  igneous  intrusions,  passed  through  these  rocks  and  deposition 
therefrom  took  place,  the  gold  was  not  concentrated  in  definite  lodes 
but  was  widely  distributed  through  the  rocks  in  small  veins,  veinlets, 
and  stringers,  few  of  which  are  continuous  except  for  short  distances. 
Furthermore,  in  many  places  where  fairly  distinct  and  rich  veins  were 
formed  subsequent  faulting  has  been  so  prevalent  that  it  is  difficult 
and  costly  to  find  the  continuations  of  the  veins.  Notwithstanding 
these  unfavorable  conditions,  however,  the  gold-quartz  veins  have 
produced  and  will  probably  continue  to  produce  considerable  amounts 
of  gold.  The  hope  of  finding  vein  deposits  which  will  develop  into 
large  and  profitable  mines  is  stimulated  by  the  reopening  of  the 
(heenback  and  Martha  mines. 

The  veins  and  veinlets  have  been  subjected  to  erosion  for  many 
thousands  of  years,  during  which  time  an  immense  amount  of  material 
has  been  freed  of  its  gold.  Much  of  this  gold  has  been  deposited  in 
the  neighboring  streams,  from  which  it  has  been  and  is  being  mined 
as  placer  gold. 

GRANTS  PASS  QUADRANGLE  AND  MEDFORD  DISTRICT. 

The  eastern  haK  of  the  Grants  Pass  quadrangle,  which  lies  just 
west  of  the  Medford  district,  is  in  Jackson  Coimty  and  the  western 
half  in  Josephine  Coimty.  Grants  Pass,  the  coimtyseat  of  Josephine 
Coimty,  is  the  most  important  mining  center  in  southwest  Oregon  and 
is  the  distributing  point  for  a  large  district  to  the  south  and  west. 

The  location  of  the  principal  mines  and  prospects  is  shown  on 
the  accompanying  map  (PI.  V).  For  the  description  of  most  of  them 
I  am  indebted  to  Prof.  Kay. 


The  Braden  mine  is  in  the  SE.  J  sec.  27,  T.  36  S.,  R.  3  W.,  about  3 
miles  from  Gold  Hill.  It  is  owned  by  C.  R.  Ray,  of  Tolo,  but  in 
1907  was  leased  to  the  Opp  Mining  Co.,  which  continues  operation. 
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E.  W.  Liljegran,  mines  manager  for  Mr.  Ray,  has  given  the  following 
infonnation  with  regard  to  this  property: 

This  mine  was  located  about  25  years  ago  by  B.  A.  Knott,  of  Gk>ld 
Hill.  He  began  development,  the  ores  being  treated  in  an  arrastre. 
The  ownership  of  the  mine  passed  in  succession  to  several  persons, 
one  of  them  being  Dr.  James  Braden,  after  whom  the  mine  is  named. 
He  sold  to  Mr.  Ray  in  1900.  The  greatest  production  of  this  mine 
for  any  one  year  was  in  1907,  when  the  value  of  the  output  was  more 
than  $30,000. 

The  ei^uipment  of  the  mine  consists  of  a  10-stamp  mill,  one  giant 
crusher,  four  Johnston  concentrating  tables,  one  air  compressor, 
and  machine  drills.  The  plant  is  equipped  with,  electric  power, 
brought  from  Tolo,  on  Rogue  River,  a  distance  of  about  5  miles. 
The  property  has  been  developed  mainly  by  drifts  along  the  vein 
and  by  winzes  and  upraises  from  these  drifts.  The  vein  outcrops 
along  the  southeastern  slope  of  a  hill  and  dips  southeastward.  The 
angle  of  dip  of  the  vein  is  greater  than  the  angle  of  slope  of  the  hill; 
hence  the  lower  drifts  on  the  vein  are  at  greater  depths  below  the 
siaf ace  than  those  higher  up  on  the  vein.  There  are  four  main  drifts, 
one  above  another.  The  aggregate  length  of  these  drifts  is  nearly 
3,000  feet,  and  the  greatest  depth  below  the  surface — ^less  than  250 
feet — is  in  a  winze  from  the  lowest  of  these  drifts.  The  longest 
drift  is  the  lowest  on  the  vein.  It  is  more  than  1,200  feet  long  and 
considerable  high-grade  ore  has  been  taken  from  the  winzes  and 
upraises  made  from  it. 

The  rocks  in  which  the  ores  are  foimd  are  fine  grained  and  of  a 
dark-gray  color;  in  hand  specimens  small  crystals  of  feldspar  may 
be  seen.  Under  the  microscope  the  rock  appears  distinctly  por- 
phyritic,  the  groundmass  being  microcrystaUine.  The  phenocrysts 
are  mainly  plagioclase  feldspar,  but  a  few  crystals  of  hornblende, 
probably  secondary  from  augite,  are  also  present.  This  rock  is 
related  to  the  greenstones,  a  large  area  of  which  Ues  in  a  northeast- 
southwest  direction  in  this  part  of  Jackson  County.  The  area  widens 
greatly  in  a  short  distance  to  the  south.  The  main  part  of  this 
large  area  of  greenstone  is  thought  to  be  composed  of  volcanic  rocks 
interbedded  with  Paleozoic  sediments.  The  evidence  in  favor  of 
these  rocks  being  volcanic  consists  of  the  presence  in  many  places  of 
amygdaloidal  and  tuff-Uke  characters.  Where  such  characters  are 
absent  it  is  difficult  to  distinguish  those  greenstones  which  are  of 
volcanic  origin  from  those  which  are  fine-grained  intrusives. 

The  vein  in  which  the  ores  are  found  strikes  about  N.  30^  E.  The 
average  width  of  the  vein  is  not  more  than  2  feet.  In  places  it  pinches 
out  entirely,  and  in  other  places,  instead  of  one  distinct  vein  with 
definite  walls,  there  is  a  brecciated  zone,  which  varies  from  a  few 
feet  to  more  than  15  feet  in  width.     Within  this  zone  the  aggregate 
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width  of  the  quartz  yeinlets  does  not  exceed  3  feet.  In  general  the 
dip  of  the  vein  is  about  25^  SE.,  but  in  some  places  it  is  nearly  flat 
and  in  others  the  angle  of  dip  is  high.  There  are  several  faults,  but 
they  are  of  small  throw — generally  from  1  foot  to  3  feet,  exceptionally 
as  much  as  20  feet.  These  f aidts  are  approximately  parallel  to  one 
another. 

The  vein  filling  consists  chiefly  of  quartz  and  sulphides;  a  very 
subordinate  amoimt  of  calcite  is  present.  The  most  abimdant 
sulphide  is  pyrite,  but  arsenopyrite,  chalcopyrite,  and  galena  occur 
in  small  quantities.  The  best  ore  is  foimd  in  those  parts  of  the  vein 
which  are  richest  in  sulphides;  where  the  quartz  is  comparatively 
free  from  sulphides  the  gold  content  is  low. 

During  1907  the  average  yield  of  concentrates  was  1  ton  from  every 
12.2  tons  of  crude  ore,  these  concentrates  having  an  average  value  of 
$26  a  ton.  The  average  gold  and  silver  content  of  more  than  3,700 
tons  of  ore  treated  in  1907  was  worth  about  $9  a  ton;  the  silver  content 
was  worth  only  about  22  cents  a  ton.  About  65  per  cent  of  the  gold 
and  silver  of  the  ores  was  saved  by  amalgamation  and  about  25  per 
cent  by  concentration;  the  remaining  quantity  was  lost  in  the  tailings. 
The  concentrates  were  shipped  to  Selby  and  to  Tacoma. 

Most  of  the  production  of  the  mine  has  come  from  two  shoots, 
nearly  600  feet  apart,  on  the  lowest  drift  of  the  mine.  One  of  the 
shoots  extended  along  the  vein  in  this  drift  for  about  55  feet,  but  in  a 
winze  its  width  increased  to  about  80  feet,  below  which  it  narrowed 
abruptly.  The  direction  of  the  shoot  was  the  same  as  that  of  the  dip 
of  the  vein.  The  other  shoot  had  a  length  along  the  strike  of  the  vein 
of  75  feet;  in  a  winze  from  it  the  length  increased  to  125  feet;  at  the 
bottom  of  the  winze,  which  was  run  200  feet  below  the  drift,  the  ore 
was  low  in  grade.  The  direction  of  this  shoot  was  about  S.  50*^  E. 
Usually  the  best  ore  was  found  along  the  footwall  of  this  shoot, 
although  in  places  the  gold  and  silver  were  uniformly  distributed 
across  the  vein,  which  here  had  an  average  width  of  about  18  inches. 

The  zone  of  oxidation  does  not  extend  farther  than  about  100  feet 
below  the  surface,  and  in  parts  of  the  vein  sulphide  ores  are  found  at 
depths  considerably  less.  Along  the  fault  planes  the  ores  show  enrich- 
ment. 

GPP  MOTB. 

The  Opp  mine,  a  short  distance  southwest  of  Jacksonville,  is  one 
of  the  important  producing  mines  in  southwest  Oregon.  It  is  an  old 
mine  reopened  within  the  last  few  years  but  was  not  examined  by 
Prof.  Kay  when  he  was  in  that  region.  It  is  reported  in  1912  as 
operating  a  crusher  and  a  20-stamp  mill,  with  equipment  for  amal- 
gamation, concentration,  and  cyanidation. 
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OSAHXTS  HTTiTi  MIHE. 

The  Granite  Hill  mine  is  in  sec.  29,  T.  35  S.,  K.  5  W.,  near  the  north 
boundary  of  the  Grants  Pass  quadrangle.  A  good  wagon  road  runs 
from  Grants  Pass  to  the  mine,  a  distance  of  about  9  mUes.  In  July, 
1908,  this  mine  had  been  closed  for  several  months  and  all  the  work- 
ings were  filled  with  water.  From  Mr.  C.  M.  Morphy,  the  former 
superintendent,  many  of  the  following  facts  were  obtained.  The 
mine  is  now  owned  by  the  American  Goldfields  Co.,  which  also  owns 
the  property  in  the  vicinity,  including  the  Red  Jacket  and  Ida  mines, 
on  which  several  hundred  feet  of  development  work  has  been  done. 
The  present  owner  obtained  the  Granite  HiU  property  in  1901,  and 
almost  all  the  development  work  has  been  done  since  that  time. 
During  the  years  1904  to  1907  the  value  of  the  production  was  more 
than  $65,000,  the  largest  output  having  been  in  1905. 

The  mine  is  equipped  with  a  20-stamp  mill,  which  has  a  capacity 
of  90  tons  a  day,  a  crusher,  concentrating  tables,  engines,  compres- 
sors, hoists,  machine  drills,  and  a  Worthington  mine  pump.  Electric 
power  was  used.  When  the  mine  was  in  operation  as  many  as  50  men 
were  employed. 

The  mine  was  developed  by  workings  which  aggregate  nearly  3,000 
feet.  A  vertical  shaft  of  420  feet  intersects  the  vein  at  a  depth  of 
about  120  feet.  From  depths  of  200,  300,  and  400  feet  on  the  shaft 
crosscuts  were  nm  to  the  vein  and  drifts  made  along  the  vein.  The 
profitable  ore  between  the  levels  was  stoped  out  and  raised  through 
the  shaft  to  the  surface. 

The  country  rocks  are  related  to  the  granodiorites,  a  narrow  tongue 
of  which  extends  southward  into  the  Grants  Pass  quadrangle  from  a 
larger  area  of  these  rocks  in  the  Riddles  quadrangle.  To  the  east  of 
the  granodiorites  is  greenstone,  to  the  west  serpentine.  At  the 
Granite  Hill  mine  gold  has  been  found  only  in  the  granodiorite,  but  at 
the  Red  Jacket  and  Ida  mines  it  occurs  iti  the  greenstone. 

The  vein  runs  in  an  east-west  direction  and  has  an  average  width 
of  about  5  feet.  In  places  the  vein  is  brecciated,  the  fractured  zone 
having  a  maximum  width  of  about  20  feet.  The  dip  of  the  vein  is 
about  70°  S.  The  vein  fiUing  consists  of  quartz,  pyrite,  chalcopyrite, 
and  galena,  carrying  gold.  The  sulphides  comprise  about  one-half 
of  1  per  cent  of  the  ores,  and  as  concentrates  they  yield  about  $75 
to  the  ton.  The  average  gold  value  of  all  the  ores  treated  in  1907  was 
about  $5  a  ton. 

Mr.  Morjihy  stated  that  the  richest  ores  were  found  in  shoots,  of 
which  there  were  three,  each  having  a  length  along  the  vein  of  about 
150  feet  and  a  dip  west  of  south. 

The  zone  of  oxidation  extends  to  a  depth  of  more  than  200  feet 
from  the  surface,  and  the  oxidized  ores  were  the  richest  in  gold. 


Q0LD-QtTAET2  LCDS  Mlldfid.  48 

MOUHTAZV  LZOV  UOOL 

The  Mountain  Lion  mine  is  in  the  western  part  of  sec.  25;  T.  37 
S.,  R.  5  W.  It  was  discovered  in  1889  by  the  Messrs.  Bailey,  who, 
with  Messrs. -Davidson,  JeweU,  and  Harmon,  are  the  present  owners. 
No  work  has  been  done  on  the  property  for  several  months.  The 
equipment  consists  of  a  5-stamp  mill,  concentrating  tables,  com- 
pressor, and  engine^.  When  the  mine  was  in  operation  before  1908 
as  many  as  25  men  were  employed. 

The  property  has  been  extensively  developed,  there  being  about 
8,000  feet  of  crosscuts,  drifts,  and  other  workings.  Work  has  been 
done  on  two  veins,  which  are  in  greenstone  and  slates  and  which  are 
close  to  the  contact  of  these  rocks  with  an  area  of  granodiorite.  The 
slates  occur  as  narrow  lenses  in  the  greenstones,  and  the  best  ore 
of  the  veins  has  been  obtained  near  the  contacts  of  the  greenstones 
and  the  slates.  The  better-defined  vein  of  the  two  strikes  N.  80®  W. 
and  dips  65®  S.  It  averages  about  1  foot  in  width  and  is  faulted  at 
many  places.  The  vein  filling  consists  chiefly  of  quartz,  calcite, 
and  sulphides,  the  sulphides  constituting  about  1  per  cent  of  the 
whole.  Owing  to  the  prevalence  of  faxilts  the  vein  has  been  diflicult 
to  follow.    In  1912  the  Mountain  Lion  was  reported  in  operation. 

Tnr  PAV  xzHX. 

The  Tin  Pan  mine  is  in  the  SE.  J  sec.  31,  T.  36  S.,  R.  3  W.,  on  the 
divide  between  Galls  Creek  and  Foots  Creek.  The  property  was 
located  many  years  ago.  It  is  now  owned  by  the  Pacific  American 
Gold  l^Iining  Co.  T.  T.  Barnard  was  superintendent  during  the 
summer  of  1908. 

The  mine  is  equipped  with  a  10-stamp  mill,  a  Blake  crusher,  and 
two  concentrating  tables.  No  large  body  of  profitable  ore  has  been 
foimd,  although  more  than  1,200  feet  of  drifts,  shafts,  and  other 
workings  have  been  made  on  the  vein. 

The  country  rocks  in  which  the  ores  occur  are  slates,  limestones, 
and  greenstones,  the  greenstones  apparently  being  intrusive  in  the 
sedimentary  rocks,  although  some  of  them  may  be  volcanic.  The 
sedimentary  rocks  strike  about  N.  13®  E.  The  strike  of  the  vein 
is  between  northeast  and  east  and  the  dip  is  nearly  vertical.  The 
vein  ranges  in  width  from  less  than  18  inches  to  more  than  6  feet  of 
solid  quartz  between  definite  waUs,  which  are  in  general  but  slightly 
altered.  In  places  there  is  a  gouge  from  1  to  3  inches  in  width. 
This  material  is  clayhke,  but  it  contains  carbonates  and  sulphides. 
Most  of  the  gold  content  of  the  vein  is  in  the  sidphides,  which  run 
about  $60  to  the  ton.  The  sulphides  are  pyrite  and  giJena,  which 
together  constitute  less  than  2  per  cent  of  the  ores.  Some  faulting 
has  occurred. 

The  zone  of  oxidation  reaches  a  depth  of  more  than  100  feet. 
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8TA&  Knrs. 

The  Star  mine  is  in  sec.  6,  T.  39  S.,  K.  4  W.,  west  of  Thompson 
Creek  and  about  4  miles  from  Applegate  post  office.  This  property 
was  located  in  1896  by  J.  J.  Kunutzen.  Very  little  development 
work  was  done  until  1904,  when  E.  B.  Hawkins  and  Harry  N.  Morse 
became  the  owners.  They  spent  about  $20,000  in  development. 
Thus  far  only  about  800  tons  of  ore  has  been  milled.  The  gold  con- 
tent was  low,  running  only  from  $2  to  $4  a  ton. 

The  ore  was  quarried  from  an  area  of  fine-grained  greenstone 
in  which  numerous  small  stringers  of  gold  quartz  run  in  various 
directions.    No  distinct  vein  was  foimd. 

KASD  OF  THB  MIST  MINE. 

The  Maid  of  the  Mist  mine  is  in  sec.  4,  T.  39  S.,  R.  4  W.  It  is 
owned  by  William  Wright,  who  did  considerable  work  on  the  property 
during  1906  but  suspended  operations  in  May,  1907.  During  the 
summer  of  1908  it  was  bonded  by  the  South  Oregon  Mines  Co.,  and 
preparations  were  being  made  to  conduct  extensive  developments. 
More  than  500  feet  of  work,  mainly  in  shafts  and  drifts,  had  already 
been  done,  and  compressors  and  hoists  were  being  installed. 

The  country  rock  is  greenstone.  The  gold-bearing  quartz  occurs 
in  veinlets,  which  run  in  various  directions.  One  of  the  most  per- 
sistent of  these  strikes  N.  85*^  W.  and  dips  55®  S.  The  gold  is 
irregularly  distributed  through  the  quartz,  which  is  fairly  free  from 
sulphides.  Of  the  sulphides,  arsenopyrite  appears  to  be  more 
prevalent  than  pyrite.     Calcite  is  subordinate. 

JEWETT  MINB. 

Tlie  Jewett  mine  is  close  to  the  boundary  between  sees.  27  and  34, 
T.  36  S.,  R.  5  W.,  about  4  miles  from  Grants  Pass.  It  was  dis- 
covered about  1880  by  Thomas  Jewett.  It  now  belongs  to  the 
estate  of  Benjamin  Healy,  of  San  Francisco.  During  the  summer 
of  1908  no  work  was  being  done,  but  J.  T.  Hoare,  the  superintendent, 
stated  that  development  was  soon  to  be  resumed.  A  short  distance 
from  the  mine  is  a  5-stamp  mill.  Tliere  are  seven  claims,  on  which 
more  than  1,500  feet  of  work  has  been  done. 

The  country  rocks  are  intrusive  greenstones  closely  related  to 
gabbro.  Near  the  workings  a  dike  of  granodiorite  cutting  the 
gabbro  was  observed.  The  ores  do  not  occur  in  a  vein  with  definite 
walls  but  in  small  stringers  in  a  brecciated  zone,  wliich  is  irregular 
both  in  direction  and  in  width.  The  most  pronounced  direction  is 
about  N.  20°  W.  In  places  the  width  of  the  zone  of  brecciation  is 
more  than  20  feet.  The  filling  between  the  fragments  of  the  breccia 
consists  cliiefly  of  quartz  and  calcite,  the  latter  being  subordinate. 
Irregularly  distributed  through  the  quartz  is  a  small  amount  of 
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pyrite,  pyrrhotite,  and  a  glistening  steel-gray  mineral  which,  when 
boiled  with  concentrated  sulphuric  acid,  ^ves  the  purplish-colored 
reaction  characteristic  of  a  telluride.  The  properties  of  the  min- 
eral correspond  to  those  of  sylvanite.  It  was  found  without  diffi- 
cidty  in  several  tons  of  ore  on  the  dump. 

OBEOON  8TRONO  UmOB. 

Among  the  producing  mines  of  the  Grants  Pass  region  in  1908 
was  the  Oregon  Strong  Ledge,  reported  from  the  vicinity  of  Murphy. 
At  the  time  of  my  visit  in  that  region  the  mine  was  not  in  operation, 
and  it  has  not  been  examined. 

OTHER  XmBB  AED  PR0BPE0T8. 

Several  other  mines  and  prospects  might  be  described,  but  they 
would  present  no  new  features.  Among  such  may  be  mentioned 
the  Bill  Nye  mine,  which  was  closed  for  several  years  but  recently 
started  up  again,  also  the  Sylvanite  and  Gray  Eagle,  on  Sardine 
Creek,  as  well  as  tlie  Michigan  mine,  near  Murphy.  Though  foi  a 
number  of  years  inactive,  the  Michigan  mine,  in  charge  of  Adolph 
Maier,  according  to  the  Kogue  River  Courier,  has  recently  erected  a 
24-ton  mill  in  wliich  a  hydroelectric  chlorination  process  is  employed. 
In  1912  the  Michigan  mine,  together  with  the  Norling  mine,  which 
has  a  5-stamp  mill,  and  the  Buzzard  mine,  which  has  a  3-stamp 
mill,  were  reported  in  operation.  Other  properties  which  should  be 
mentioned  are  the  Lawrence  mine,  McMurtry  mine,  Alice  group, 
Gold  Pick  mine,  Gardner  prospect,  Pratt  prospect,  Millionaire  mine, 
Oregon  Bonanza  mine,  Oregon  Belle  mine,  and  Owl  Hollow  prospect. 
On  the  first  seven  of  these  no  work  has  been  done  for  some  time; 
on  each  of  the  others  a  small  amount  of  development  is  being  done. 

Chief  among  the  "pockets"  of  ore  that  have  been  found  within 
the  area  are  the  Gold  Hill,  the  Roaring  Gimlet,  the  Revenue,  the 
Steamboat,  and  the  Harrison.  The  locations  of  these  are  shown 
on  the  map.  For  the  following  account  of  the  famous  Gold  Hill  and 
Roaring  Gimlet  pockets  I  am  indebted  to  Mr.  E.  W.  Liljegran,  of 
Medford,  Oreg. 

The  most  famous  pocket  so  far  discovered  is  the  one  from  which 
the  town  of  Gold  Hill  takes  its  name.  It  was  discovered  in  1857  on 
top  of  the  mountain  about  2  miles  east  from  the  town  of  Gold  Hill. 

The  outcropping  rock  was  so  full  of  gold  that  it  could  scarcely  be 
broken  by  sledging.  The  crystalUzed  quartz  associated  with  the 
gold  was  not  honeycombed,  as  it  generally  is  where  sulphides  have 
leached  out  of  the  rock,  leaving  sprays  of  gold  in  the  cavity.  The 
gold  in  this  pocket  went  down  only  15  feet  and  occurred  in  a  fissure 
vein,  strike  about  S.  20°  E.,  dip  about  80°  E.,  with' a  gash  vein 
cutting  the  fissure  nearly  due  east  and  west  and  dipping  vertically. 
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The  fissure  vein  averages  fully  5  feet  between  walls,  with  1  to  2  feet 
of  gouge  on  the  footwall,  which  contains  some  calcite  and  quartz 
mixed  with  a  little  sulphide  of  iron,  in  spots  containing  free  gold. 
A  mass  of  micaless  granite,  about  5  feel  wide  by  possibly  200  feet 
long,  outcrops  in  the  footwall  side  of  the  fissure.  The  country 
rock  is  pyroxenite.  It  ia  said  that  this  pocket  produced  at  least 
$700,000.  There  were  a  number  of  smaller  finds  in  this  immediate 
vicinity,  none  over  300  feet  from  the  large  deposit. 

The  Roaring  Gimlet  pocket,  discovered  in  1893,  is  situated  at  the 
mouth  of  China  Gulch,  about  2  J  miles  due  south  of  the  Gold  TTiH 
pocket.  The  Gimlet  pocket  gold  was  apparently  liberated  from 
oxidized  sulphides,  with  very  little  quartz;  the  surface  showed  a 
porphyry  dike  2  feet  thick  on  the  footwall  and  a  slate  hanging  wall. 
The  soft  gouge,  from  one-fourth  of  an  inch  to  6  inches  thick,  between 
the  slate  and  the  porphyry,  contained  gold.  The  strike  of  the  vein 
was  east  and  west;  dip  80^  N.  This  vein  contained  a  number  of 
pockets,  three  between  the  surface  and  a  depth  of  40  feet,  where  the 
gouge  continued  down  between  solid  dioritic  walls,  with  a  sprinkling 
of  iron  sulphides  in  small  kidneys  of  calcite  and  quartz,  looking 
very  much  like  the  vein  filling  in  the  Gold  Hill  vein.  Several  small 
pockets  were  extracted  just  east  of  the  large  Gimlet  pocket,  all 
within  300  feet  of  the  firet.  Their  combined  production  is  said  to 
have  equaled  $40,000. 

GALICE-KERBY-WALDO   BEGION. 
GENERAL  FEATTTBES. 

The  most  important  mines  and  prospects  of  the  Galice-Kerby- 
Waldo  region  in  1911  are  shown  on  the  map  (PI.  VI).  Of  the  119 
mines  and  prospects  noted  62  are  placer  mines  and  67  are  lode  mines 
and  prospects.  Among  the  lode  mines  and  prospects  58  are  for  gold,  8 
for  copper,  and  1  for  both  gold  and  copper.  All  the  placer  mines  are 
productive,  but  of  the  lode  mines  only  2  are  accredited  with  a  produc- 
tion of  gold  and  copper  and  20  with  a  production  of  gold  alone. 

The  chief  mineral  resources  of  the  area  under  consideration,  which 
lies  almost  wholly  in  Josephine  County  and  forms  about  one-fourth 
of  its  area,  are  gold,  copper,  silver,  and  platinum,  and  these  metals 
are  obtained  from  both  lode  and  placer  deposits.  The  production 
of  copper  ceased  in  1910,  but  began  again  in  1911  and  increased  de- 
cidedly in  1912,  by  the  Almeda  Consolidated  at  Galice  and  the  Elder 
Mining  and  Smelting  Co.  at  Takilma. 

The  total  gold  production  in  Oregon  during  the  last  13  years 
amounted  to  $15,663,258.  Of  this  approximately  $5,749,976  came 
from  southwest  Oregon,  $3,434,915  being  from  the  placers  and 
$2,315,061  from  lode  mines.     Of  the  total  amount  of  gold  produced 


n 
a 
U 

V 
ti 

li 
o 
ill 
<>1 
ri 
M 


ai 
fr 


GOLD-QUABTZ   LODE   MINES.  47 

in  Josephine  County,  as  shown  in  the  following  table  ($3,682,055), 
approximately  $1,905,258  came  from  placers  and  $1,776,797  from 
lodes. 

Oomptratim  vabu  qf  liie  annual  jtrodaOitm  of  gold  in  JottpkiTte  CowUf/  and  the  enHre 
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Gold  is  said  to  have  been  discovered  in  this  region  on  Josephine 
Creek  on  May  2,  1852.'  Plaeer  mining  began  with  a  rush  and  has 
continued  more  or  less  vigoroi^sly  ever  since,  but  the  annual  produc- 
tion was  greatest  in  the  last  csntury,  when  the  richest  placers  were 
worked.  It  seems,  therefore,  well  within  the  bounds  of  probability  to 
regard  the  average  annual  production  of  gold  in  Josephine  County 
from  1852  to  1900  as  not  less  than  $450,000,  for  during  the  first  three 
years  of  this  century  the  average  must  have  been  somewhat  greater 
than  that  amount,  although  there  has  since  been  a  decline,  owing 
especially  to  the  decline  of  the  placers.  On  that  basis,  which 
although  generous  seems  reasonable,  Josephine  County  has  produced 
only  about  $25,000,000  in  gold.  The  claims  sometimes  made  that  a 
small  portion  of  the  district  has  produced  many  milHons  are  highly 
improbable.  A  fair  estimate  credits  the  Galice-Kerby  region  with  a 
production  of  $10,000,000  in  gold  alone.  In  general  the  Galice  and 
Kerby  districts  have  been  about  equally  productive.  This  might  bo 
expected  from  the  fact  that  the  same  rock  belts  and  other  geologic 
features,  as  shown  on  the  map  (PI.  VI),  traverse  both  districts.  The 
productive  portion  of  the  Galice-Kerby  r^on  is  a  belt  about  a  dozen 
miles  in  width,  made  up  chiefly  of  igneous  rocks — serpentines  and 
greenstones.  This  belt  includes  patches  of  Mesozoic  slates  and  is 
botmded  both  on  the  northwest  and  southeast  by  slates  of  essentially 
the  same  character. 

1 1'Bmplilet  oD  milling  Id  Jomjiblne  County,  pabliihid  by  QnnU  Ptm  Chunbw  o(  Comnwoa,  1911. 
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A  distinct  but  small  belt  of  unimportant  production  includes  lode 
prospects  and  placer  mines  in  the  neighborhood  of  Mount  Bolivar,  near 
the  northwest  comer  of  the  area  mapped  (PI.  VI).  This  belt  lies 
about  15  miles  northwest  of  the  Galice-Kerby  belt,  and  the  two  belts 
are  in  a  measure  united  by  the  placers  of  the  two  transverse  master 
streams,  Rogue  and  Illinois  rivers.  Both  belts  contain  prospects 
or  mines  of  gold  and  copper. 

OBIOLB  UHTE  (S2).i 

The  Oriole  mine  is  situated  in  Rocky  Gulch,  2  miles  by  wagon  road 
northwest  of  Galice,  at  an  altitude  of  about  1,200  feet  above  sea  level 
and  400  feet  above  Galice  on  Rogue  River.  It  is  19  miles  from  the 
Southern  Pacific  Railroad  at  Merlin  and  may  be  readily  reached  by 
stage. 

The  Oriole  Grold  Mining  Co.  was  organized  and  began  work  in  1909. 
The  company  owns  nine  claims,  in  places  four  in  width  and  three  in 
length,  which  lie  along  the  lode  with  some  variation  nearly  north  and 
south.  The  mine,  which  was  developed  under  F.  A.  Jones,  mining 
engineer,  has  four  levels.  The  main  adit  tunnel  of  890  feet  taps  the 
lode  over  500  feet  beneath  its  outcrop.  More  than  3,200  feet  of 
underground  workings  on  the  four  levels  open  the  lode  through  a 
depth  of  340  feet  and  a  length  of  1,085  feat. 

A  50-horsepower  water  head  and  dynamo  is  to  light  the  mine  and 
plant,  which  includes  a  well-equipped  laboratory.  Near  the  site  of 
the  hydroelectric  plant  a  combination  mill  will  be  erected  according  to 
the  plans  of  Mr.  Jones.     The  dam  and  headrace  are  partly  completed. 

The  Oriole  lies  on  a  well-marked  fault  along  the  contact  of  quartz 
porphyry  and  greenstone.  The  course  of  the  fault  in  the  n^ne  is 
N.  5°  E.  and  the  dip  is  76°  SE.  beneath  the  quartz  porphyry  of  the 
hanging  wall.  The  evidence  of  displacement  is  clear  from  the  pres- 
ence of  a  conspicuous  gouge  and  the  polished  striated  surface  of  the 
hanging  wall  of  quartz  porphyry,  but  the  amount  of  the  displacement 
could  not  be  determined.  The  gouge,  which  is  generally  6  to  8  inches 
thick,  is  a  greenish  to  bluish  gray  clay,  and  few  of  the  striations  on 
the  fault  plane  are  vertical.  They  are  generally  inclined  but  not 
uncommonly  are  horizontal,  showing  very  distinct  movements  at 
different  times.  The  greenish-gray  gouge  is  composed  largely  of 
groimd-up  greenstone,  which  crushes  and  shears  more  easily  than  the 
quartz  porphyry. 

For  many  feet  from  the  contact  the  greenstone  is  greatly  sheared 
and  contains  irregular  lenses  or  veins  of  quartz,  as  shown  in  the  sec- 
tion of  the  contact  (fig.  7). 

The  levels  are  run  in  the  greenstone  and  have  numerous  crosscuts 
only  10  to  25  feet  in  length  to  the  contact.     A  few  crosscuts  are  run 

m  ■■■■—■I.  ■      ■         ■-■  -■         -        —  —  ■  ■         -■  ,  ■  -  ■  ■  ■■■  ■'■     I  I 

1  Numbers  refer  to  location  on  the  map  (PI.  VI,  p.  46). 
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ia  the  opposite  direction  50  to  210  feet  into  the  greenstone.  The 
greenstone  in  the  shear  zone  is  highly  chloritic.  In  fact,  the  veins 
or  lenses  of  quartz  are  completely  incased  in  a  deep-green  chloritic 
mineral  of  which  Mr.  Jones  has  made  the  following  analysis: 

AnalsfU  o/chloritie  minerah/rora  the  Oriole  mint,  near  Galia,  Oreg, 

SiO, 37.70 

FeO 13.  H 

AW), 18.16 

CbO 3.00 

MgO 17.21 

H^ 10.32 

09.93 

This  analysis  shows  the  material  to  be  a  mixture  of  ctdoritic  min- 
erals or  possibly  related  to  clinochlore.  The  high  percentage  of 
silica  may  be  due  to  included  quartz,  to  which  the  chloritic  minerals 
adhere.  It  is  the  gangue,  so  to  speak,  of  the  quartz  nodules  and  con- 
tains cubes  of  pyrite. 

The  quartz  is  milk-white  to  grayish  white  in  color  and  forms 
irregular  rough-surfaced  bodies  which  range  in  shape  from  a  mere 
filmy  vein   to  lenticular   bmiches 

several  feet  in  diameter  with  their fi 

greatest  dimensions  in  the  plane  of  /.-",!-' r^-f-'ili  r  ^ .  ^  V  "'I 

Bchistosity  and  parallel  to  the  con-  .■^V'"-'C'7l-*a\'''^:!'' ''. ' 

tact,  as  shown  in  figure  7.  The 
quartz  bodies  generally  contain  a 
few  irregular  filmy  patches  of 
chlorite  besides  the  scattered  par- 
ticles of    ore   minerals   and   are 


I 


few    irregular    filmy    patches    of  V ''-'/~>i^VnV ■•■','■"''■  ^ 

chlorite  besides  the  scattered  par-  '-'.'-^'-'/'v\'\iV'''/"y.,'. 

traversed  at  various  angles  by  fhiotb  7— swtion  of  eonuct  in  ohoIb  min^ 
slicfcensided    surfaces  on    which      ^■^"fl^h'Sr''  t;^,"„''l"'h,Ih™ 

quiTd  porphyry;  e,  k^mdud  to  blubn^rey 

there  has  evidently  been  move-  Kouga,atosinchntiijck;it,anioiuof  quwti 
ment  since  the  deposition  of  tlie  ';SS,',°,£':S,SSr  '  "  '"  '"'  '" 
quartz. 

The  ore  minerals  are  apparently  pyrite  and  chalcopyrite  in  small, 
sparsely  scattered  particles  or  crystals  in  the  quartz,  but  are  more 
abundant  as  irregular  crystalline  scales  on  the  fracture  planes  and 
faidt  planes  which  traverse  the  quartz.  Some  of  the  scales  are  pol- 
ished, showing  that  fault  movements  continued  after  the  deposition 
of  some  if  not  all  of  the  ore.  Some  lenses  of  milky  quartz  occur 
without  visible  trace  of  ore,  whereas  in  others,  generally  of  gray 
quartz,  the  ore  appears  to  form  as  much  as  5  per  cent  of  the  quartz 
body.  Portions  of  the  pyrite  and  chalcopyrite  are  stron^y  tarnished, 
giving  iridescent  purplish  to  black  colors.  Possibly,  however,  the 
18014*— Bull.  Mfl— 14 4 
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black  dustlike  particles  are  of  a  third  mineral,  perhaps  a  telliiridc, 
which  it  is  claimed  assayers  have  reported  in  the  Oriole  ore.  The 
pyrite  crystals  are  cubical  and  generally  have  a  decidedly  gold- 
yellow  color  suggesting,  to  the  miner  at  least,  the  presence  of  gold. 

F.  A.  Jones,  the  engineer  of  the  Oriole,  assayed  the  ore  and 
regarded  it  as  probably  a  sulphotelluride  of  gold,  silver,  copper,  and 
iron,  for  which  he  suggested  the  name  oriolite,  after  the  name  of  the 
mine  in  which  it  occurs.  A  typical  sample  of  the  ore  was  selected 
for  the  purpose  of  mineralogic  determination.  It  was  submitted 
to  qualitative  test  in  the  Geological  Siurey  laboratory  by  W.  T. 
Schaller,  who  reports  that  "the  concentrated  sulphides  contain 
much  iron,  a  small  amount  of  copper,  and  doubtful  traces  of  telliu*ium 
and  gold.  Neither  tellurium  or  gold  is  present  in  appreciable  amoimts 
and  the  sulphides  of  the  ore  consist  essentially  of  pyrite  and  chalco- 
pyrite." 

I  was  informed  at  the  mine  that  the  workable  ore  ranges  in  value 
from  $4  to  $200  a  ton,  the  average  being  from  $15  to  $20  a  ton. 
To  judge  from  the  aspect  of  the  ore  in  sight,  the  average  value  would 
not  appear  to  be  so  high  and  the  average*  value  on  level  4  would  be 
somewhat  less  than  that  on  the  higher  levels.  On  the  higher  levels 
the  ore  lies  near  the  contact  and  is  so  distributed  as  to  suggest  shoots 
which  have  not  yet  been  foimd  in  the  lower  level.  It  is  proposed  to 
erect  a  combination  stamp  mill  for  treating  the  ore  after  concentration, 
but  actual  construction  of  the  mill  has  not  yet  begim,  although  the 
Oriole  Gold  Mining  Co.  has  recently  bought  and  moved  to  its  own 
property  the  old  stamp  mill  of  the  Sugar  Pine  mine. 

RICHMOND  OROT7P. 

The  Richmond  group,  north  of  the  Oriole,  embraces  12  claims 
in  the  head  of  Rocky  Gulch  and  laps  over  into  the  head  of  Deer  Lick, 
a  branch  of  Bailey  Creek.  Seven  tunnels,  aggregating  600  feet  or 
more,  have  been  nm  in  various  directions  into  the  sheared  greenstone, 
exposing  some  quartz  kidneys  and  veins  with  but  little  visible  ore. 
Most  of  the  gold  was  foimd  with  quartz  near  the  summit  on  both 
sides  of  the  divide.  A  ball  mill  and  an  old  arrastre,  both  in  ruins, 
were  once  in  operation,  but  their  output  I  was  unable  to  learn.  The 
Oriole  fault  and  lode  enter  the  Richmond  group,  but  farther  north, 
near  the  divide,  are  not  so  well  marked,  though  quartz  veins  are 
more  numerous,  some  striking  west  of  north  toward  the  Golden 
Wedge,  whereas  others  run  east  of  north  toward  tl  e  Arago.  The 
only  work  in  progress  in  July,  1911,  was  on  the  Doer  Lick  slope, 
where  an  18-inch  rusty  quartz  vein  appears,  which  is  said  to  assay 
$15  to  $20  a  ton. 
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OOLDXV  WSDOX  UHTE  (»). 

The  Golden  Wedge,  4  miles  northwest  of  Galice,  was  discovered 
by  Mr.  Hutchins  in  1893.  Later  the  company  became  the  Golden 
Road  and  reorganized  as  the  Bailey  Gnlch  Mining  &  Milling  Co. 
The  property  embraces  about  half  a  dozen  claims. 

The  total  production  of  this  mine  operated  by  the  two  companies 
mentioned  above  may  have  been  as  much  as  $50,000,  and  if  an  ore 
body  is  found,  as  the  present  management  expects,  in  the  deep  tunnel 
where  it  cuts  the  Oriole  fault,  the  mine  may  again  become  an  active 
producer. 

Nearly  1,200  feet  of  underground  workings  in  greenstone  exploit 
the  deposit  for  about  500  feet  in  length  and  to  an  equal  extent  in 
depth.  The  plant  consists  of  a  14-stamp  mill  with  numerous  vats 
for  cyaniding  the  ore  and  is  reported  to  run  on  an  average  about  four 
months  a  year.  The  ore  belt  strikes  nearly  north  and  south  and  dips 
38^-70®  E.  The  quartz  veins  and  lenses  in  the  sheared  greenstone 
are  irregular  as  if  folded,  and  many  of  the  quartz  lenses  or  kidneys 
that  have  a  covering  of  graphitic  material  with  grains  of  pyrite  are 
said  to  average  $10  to  $20  a  ton  in  gold.  Considerable  ore  has  been 
stoped  out  of  a  belt  ranging  from  16  inches  to  5  feet.  The  graphitic 
material  interferes  with  milling  the  ore.  The  country  rock  is  green- 
stone, but  varies  widely. 

In  an  old  tunnel  near  the  mill  on  Bailey  Creek  a  fault  appears  which 
contains  grayish-blue  gouge  between  the  hanging  wall  and  quartz 
lenses  in  sheared  greenstone  like  that  of  the  Oriole.  Though  it  lies 
a  short  distance  west  of  the  line  of  the  Oriole  fault,  most  likely  it 
belongs  to  the  same  movement.  The  tunnel  being  driven  in  1911 
was  already  in  about  500  feet  and  was  expected  to  reach  the  line 
of  the  fault  in  a  short  distance. 

ARAOO  GROUP  (St). 

The  Arago  group,  embracing  seven  claims,  lies  northeast  of  the 
Bichmond  and  reaches  Rogue  River  2  miles  below  Almeda.  Three 
tunnels,  aggregating  about  300  feet,  run  in  on  the  veins  near  the 
river.  The  plant  consists  of  a  small  unused  ball  mill.  Schistose 
greenstone  is  the  country  rock.  The  irregular  quartz  veins,  stringers, 
and  kidneys  occur  in  a  belt  about  3  J  feet  wide.  They  strike  N.  28°- 
35°  E.  and  are  generally  vertical,  but  in  some  places  dip  76°  NW. 
The  quartz  contains  but  little  pyrite,  though  in  places  it  yields  a 
small  amount  of  gold.  Tlie  only  deposit  yet  found  is  said  to  have 
been  worked  out  years  ago  in  the  bed  of  the  river. 

SSVSJr-TKIRTT  MIHS  (tl). 

A  short  distance  northwest  of  the  Arago  is  the  old  Seven-Thirty 
mine,  now  closed  but  reported  to  have  been  at  one  time  productive. 
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Quartz  prospected  in  that  region  recently  has  panned  a  small  amount 
of  free  gold. 

KRAMETl  PROSPECT  (SS). 

The  Kramer  prospect  is  situated  at  the  bead  of  the  west  branch  of 
Rocky  Gulch,  about  a  mile  northwest  of  the  Richmond,  at  an  alti- 
tude of  nearly  3,000  feet.  There  are  nimierous  prospect  holes  and 
tunnels  and  an  old  arrastre  and  cabin.  It  is  said  that  in  the  winter 
of  1909-10  ore  was  packed  over  to  the  mill  at  the  Golden  Wedge  to 
be  worked. 

The  coimtry  rock  is  a  banded  quartzite  containing  numerous  scales 
of  mica  and  grains  of  pyrite  changed  to  limonite  that  give  color  to 
the  rock  and  soil. 

There  was  no  one  at  the  mine,  no  bodies  of  ore  were  seen,  and  I 
was  imable  to  obtain  satisfactory  samples. 

ZLWZLDA  (HUBBERT)  MJWE  (10). 

The  Elwilda  group  of  11  claims  extends  from  Rogue  River  up 
Whisky  Creek.  About  250  feet  of  tunnels  open  the  property  at  three 
levels.  The  old  four-stamp  combination  mill  is  being  replaced  by  a 
Lane  type  of  wheel  arrastre.  There  are  two  points  of  work — the 
upper  near  Whisky  Creek  and  the  other,  a  mile  farther  southwest, 
nearer  Rogue  River.  In  both  places  the  country  rock  is  greenstone 
and  serpentine,  and  the  deposits  prospected  lie  in  the  greenstone  not 
far  from  the  contact. 

The  quartz  vein  of  the  upper  tunnel  strikes  N.  5°  E.  and  dips  68° 
NW.  It  has  a  thickness  of  3  J  feet  for  a  short  distance  where  worked 
*  out.  The  gold  in  the  vein  is  reported  to  average  about  $5  a  ton. 
When  tested  by  panning  a  small  amount  of  free  gold  and  pyrite  was 
observed.  Some  chalcopyrite  was  seen  at  the  lower  opening,  where 
the  ore  was  obtained  some  years  ago  for  the  old  mill.  Mr.  J.  C. 
Hubbert,  the  manager  of  the  property,  informed  me  that  300  tons 
from  this  mine  shipped  to  Selby  &  Co.  yielded  a  good  profit. 

The  lower  openings  in  the  greenstone  are  nearly  300  feet  from  the 
contact  with  the  serpentine  and  expose  a  fault  that  strikes  N.  85°  E. 
and  dips  52°  SW.  The  principal  quartz  vein  in  these  openings  is  3 
feet  thick  and  is  much  crushed  and  faulted.  The  strike  of  the  vein 
is  nearly  east  and  west  across  the  belt  of  greenstone  toward  the  con- 
tact with  the  serpentine.  The  crushing  indicates  that  the  faults  are 
due  to  compression.  The  contact  at  this  point  runs  S.  40°  W.  across 
Rogue  River  toward  the  Keystone  mine. 

GOLD  sua  (13)  AND  MINES  OF  MOTTNT  REUBEN. 

The  serpentine  cutting  the  greenstone  at  the  mouth  of  Whisky 
Creek  extends  northeast  and  probably  has  had  an  influence  in  the 
mineralization  of  the  mines  about  Mount  Reuben,  the  Gold  Bug  (13), 
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the  Benton  (11),  and  the  Copper  Stain  (12).  The  Looney  (14)  and 
Devortney  (15)  claimS;  farther  northwest,  are  nearer  the  contact  of 
the  greenstone  and  slate.  While  in  the  Whisky  Creek  region  I  learned 
that  little  or  no  development  work  was  going  on  at  that  time  on  any 
of  the  mines  about  its  head.  A  large  amount  of  development  work 
has  been  done  in  that  region  and  several  mills  have  been  erected.  A 
few  years  ago  the  Gold  Bug  was  an  active  producer.  The  Benton 
and  the  Gold  Bug  are  connected  directly  by  wagon  road  with  the 
Southern  Pacific  Railroad  at  Reuben  Spur. 

MOUHT  BOLXVAB  BXOIOV. 

The  mineralized  belt  of  greenstone  in  the  Mount  Bolivar  region  is 
impregnated  at  many  places  by  pyritO;  chalcopyrite  and  bomite, 
and  contains  many  veins  of  quartz  and  calcite.  It  is  best  developed 
about  Saddle  Mountain  and  Mount  Bolivar  and  extends  from  Rogue 
River  northeast  along  John  Mule  Creek  across  the  west  fork  of  Cow 
Creek  and  disappears  beneath  the  covering  of  Eocene  rocks. 

Many  prospects  have  been  opened  in  this  belt,  especially  about 
the  two  peaks  mentioned.  The  most  important  prospect,  locally 
known  as  the  Thompson  mine,  has  been  exploited  by  several  tunnels 
and  inclines  which  yielded  approximately  50  tons  of  copper  ore, 
chiefly  chalcopyrite  and  bornite.  The  works  were  closed  at  the  time 
of  my  examination,  but  the  occurrence  of  so  miich  ore  on  the  dumps 
apparently  shows  the  existence  of  ore  bodies  of  considerable  size. 

KETSTOHZ  OBOT7P  (II). 

The  Akron  Gold  Mining  &  Milling  Co.  owns  5  claims  on  the  south 
slope  of  Rogue  River  canyon  nearly  opposite  the  mouth  of  Whisky 
Creek.  It  is  reached  by  trail  and  is  only  about  12  miles  from  Gahce. 
There  are  two  openings  far  above  the  river.  One  of  them,  115  feet  in 
length,  cuts  the  ledge  at  a  depth  of  100  feet;  the  other,  160  feet  lower, 
is  only  partly  completed. 

The  coimtry  rock  is  greenstone  near  its  contact  with  intruded 
serpentine  and  the  general  relations  of  the  prospect  are  the  same  as 
those  of  the  Hubbert  mine,  about  1^  miles  northeast,  across  the  river 
on  Whisky  Oeek. 

The  gold  occurs  in  irregular  quartz  veins  or  stringers,  forming  a 
belt  about  3  feet  in  thickness  and  approximately  parallel  to  the 
serpentine  contact. 

The  ore  appears  to  be  pyrite  in  fine  particles  sparsely  disseminated 
through  the  quartz.  It  is  oxidized  near  the  surface,  where  the  quartz 
is  porous  and  striated  by  limonite.  No  assays  are  available  to  show 
its  value. 
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A  number  of  other  claLms  have  been  located  near  the  same  belt  of 
serpentine  farther  south,  the  Norbourg  (24),  the  Shirt  (25),  and  the 
Treasmy  group  (26) — all  in  greenstone — on  the  west,  and  the  Legal 
Tender  (20)  and  the  Buffalo  (36)  in  banded  quartzite  on  the  east. 

LBQAZ.  TSVDSR  GR0T7P  (M). 

The  Legal  Tender  group  embraces  three  claims  located  on  the  east 
fork  of  Rmn  Creek  at  an  elevation  of  2,850  feet.  A  tunnel  100  feet 
long  penetrates  what  appears  to  be  rotten  greenstone,  but  farther 
up  the  ridge  the  rock  is  seen  to  be  more  or  less  distinctly  banded 
quartzite  cut  by  serpentine.  There  are  about  5  tons  of  ore  at  the 
mouth  of  the  tunnel.  It  consists  largely  of  decomposed  ferruginous 
quartz  with  some  pjrrite  unchanged  and  is  reported  to  have  assayed 
$12  per  ton.    The  owner  plans  to  erect  a  5-stamp  miU  on  the  property. 

TBXA8URT  OROT7P  (t6). 

The  Treasury  group,  embracing  four  claims,  is  located  about  4J 
miles  northwest  of  Galice,  at  the  head  of  the  north  fork  of  Oalice 
Creek.  At  an  elevation  of  about-3,500  feet  a  tunnel  160  feet  in  length 
reaches  a  fault  with  a  small  deposit  of  ore.  The  fault  runs  east  and 
west  and  dips  45®  S.,  beneath  the  hanging  wall  of  greenstone  which 
is  clearly  derived  from  pyroxenite,  about  one-third  of  which  has 
changed  to  green  hornblende.  The  ore  bo^y  in  bulk  is  at  least  75 
per  cent  quartz,  with  scattered  grains  of  copper  and  zinc  ore — chal- 
copyrite,  pyrite,  malachite,  and  sphalerite. 

The  upper  openings  near  the  crest  of  the  ridge  expose  a  4  to  5 
foot  vein  of  quartz  with  scattered  sulphide  ores.  This  vein,  how- 
ever, runs  north  and  south  at  right  angles  to  the  vein  noted  in  the 
tunnel  several  himdred  feet  below.  It  is  said  that  a  short  distance 
farther  west  prominent  quartz  veins  run  east  and  west  as  in  the  tun- 
nel, but  the  development  work  is  not  sufficiently  advanced  to  deter- 
mine the  relations  of  the  veins.  The  character  of  the  ores  in  the 
limited  quantity  seen  is  such  as  to  suggest  the  necessity  of  concen- 
tration before  working. 

RED  ELEPHAKT  CLAIMS  (27). 

The  Red  Elephant  consists  of  two  claims,  at  an  elevation  of  1,500 
feet,  on  Howard  Creek  about  7  miles  northwest  of  GaUce  Mountain 
trail.  The  claims  are  opened  up  near  the  creek  level  by  four  tun- 
nels aggregating  about  165  feet  in  length,  on  which  active  work  is 
continued.  The  country  rock  is  greenstone  and  dacite  porphyry 
permeated  by  a  multitude  of  small  veins  and  veinlets  of  quartz  run- 
ning in  all  directions.  Both  rocks  are  well  exposed  in  the  bluff  of 
Howard  Creek  above  the  cabin.  Thus  the  rocks  are  highly  silicified 
and  at  the  same  time  both  veins  and  coimtry  rock  are  riclily  impreg- 
nated with  pyrite.     The  mineraUzation  is  such  as  to  render  it  diffi- 
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cult  to  trace  the  boundary  between  the  dacite  porphyry  and  green- 
stone. In  fact;  the  presence  of  the  dacite  porphyry^  though  sus- 
pected in  the  field,  was  demonstrated  only  by  the  microscopic 
examination  of  the  sections  after  returning  to  the  office.  The  da- 
cite porphyries  cut  the  greenstones  and  the  serpentines,  and  in  all 
probability  come  from  the  source  of  the  mineralizing  agents  of  the 
region. 

The  mineralized  belt  is  several  hundred  feet  wide,  and  if  the  pyrite 
contains  considerable  gold  it  might  be  well  worth  concentrating  for 
shipment  or  treatment  on  the  groimd.  A  sample,  assayed  for  the 
Survey  by  E.  E,  Burliogame  &  Co.,  of  Denver,  Colo.,  yielded  0.023 
ounce  of  gold  to  the  ton. 

Near  the  southeast  side  of  the  impregnated  belt  a  6-foot  vein  of 
gray  quartz  runs  N.  35®  E.  The  quartz  contains  a  small  amount  of 
pyrite.  It  is  said  to  have  assayed  $119  a  ton  in  platinum  and  15  per 
cent  in  tin,  but  there  is  no  visible  evidence  in  the  hand  specimen  of 
the  presence  of  such  rich  ore. 

BLUB  BBLL  PBOSFBCT  (18). 

The  Blue  Bell  prospect  is  situated  6  miles  northwest  of  Gahce,  on 
a  branch  of  Howard  Creek,  a  mile  above  the  Red  Elephant.  It  was 
opened  up  some  years  ago  by  nearly  200  feet  of  tunnels.  A  number 
of  tons  of  ore  were  mined,  but  none  of  it  was  shipped.  The  ore  is 
chiefly  pyrite,  like  that  of  the  Red  Elephant,  but  contains  also  some 
chalcopyrite  and  dark  bluish  scales  of  molybdenite.  This  prospect 
was  not  examined,  though  the  neighboring  greenstone  was  seen  on 
the  hill  to  the  northeast,  where  it  is  so  rich  in  pyroxene  as  to  be 
practically  a  pyroxenite.  Some  of  the  ore  samples  from  this  locality 
are  much  sheared  and  slickensided.  Tha  molybdenite  appears  to  be 
the  latest  deposit  on  the  shearing  planes  but  before  the  final 
movements. 

BTTFTALO  OBOT7P  (S6). 

The  Buffalo  group  of  14  claims  on  Peavine  Mountain  (elevation, 
4;000  feet)  is  situated  at  the  head  of  Quartz  Creek,  along  the  eastern 
side  of  the  serpentine  belt.  Open  cuts,  short  tunnels,  or  shaft  pros- 
pects have  been  made  on  most  of  the  claims,  but  only  two  deserve 
notice. 

One  of  these  claims  is  near  the  eastern  side  of  the  serpentine  belt, 
where  the  abandoned  quartzite  is  more  or  less  richly  impregnated  with 
pyrite  that  is  said  by  Mr.  Wayment,  the  owner,  to  be  auriferous. 
It  is  exposed  at  intervals  for  a  mile  by  open  cuts,  shallow  shafts,  and 
tunnels.  The  dissemination  of  pyrite  is  rather  sparse  and  no  bodies 
of  ore  were  seen.  The  belt  of  quartzite  is  approximately  300  feet  in 
width,  and  the  pyrite  is  most  abundant  near  the  serpentine  contact. 
East  of  the  quartzite  is  greenstone. 
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The  second  prospect  to  be  noticed  in  the  Buffalo  group  is  on  the 
Dixie  claim  in  the  greenstone.  It  lies  at  the  head  of  Rocky  Gulch, 
some  miles  above  the  Mayflower  mill  (37).  A  tunnel  has  been  run  in 
279  feet,  exposing  severfd  kidneys  and  irregular  veins  of  quartz  that 
contain  some  pyrite  and  chaloopyrite.  The  veins  and  kidneys  run 
N.  23°  E.  and  dip  68®  NW.,  parallel  to  the  slickensided  wall  showing 
faulting.  About  2  tons  of  ore,  pyrite,  and  chalcopyrite,  have  been 
taken  out  of  the  tunnel.  The  ore  forms  small  irregular  bodies  in  the 
sheared  greenstone.     No  ore  bodies  were  seen  in  the  tunnel. 

MAY1X0WE&  PBOPZRTT  (S7). 

The  Mayflower  property  is  situated  on  the  south  fork  of  Rocky 
Gulch  at  an  elevation  of  2,810  feet,  about  3  J  miles  northwest  of  Galice, 
near  the  main  Peavine  Mountain  trail.  It  embraces  three  claims 
taken  up  in  1910.  The  rocks  are  well  exposed  on  the  steep  slopes 
of  the  canyon  that  cuts  across  the  contact  between  the  greenstone 
and  serpentine.  The  serpentine  contains  small  renmants  of  the 
olivine  and  pyroxene  of  which  the  peridotite  was  originally  composed. 

The  two  small  prospect  tunnels  are  in  greenstone  near  the  contact. 
The  gold  is  free  or  is  in  the  pyrite,  and  chiefly,  if  not  wholly,  in  the 
rotten  quartz  of  the  greenstone  schist  adjoining  the  contact.  There 
13  little  if  any  gold  in  the  white  quartz.  A  small  amount  of  chalco- 
pyrite is  present. 

Some  distance  west  of  the  serpentine  contact  and  beyond  the  more 
siliceous  greenstone  there  is  a  dark  graphitic-looking  rock  which  in 
thin  section  is  found  to  be  a  graphitic  mica  schist  containing  two 
kinds  of  mica,  muscovite  and  biotite,  with  graphitic  dust  and  numer- 
ous particles  of  pyrite.  This  rock  appears  to  contain  free  gold  and 
forms  a  north  and  south  belt  which  appears  to  bo  related  to  the 
banded  quartzites  of  the  eastern  slope  of  Peavine  Mountain. 

The  quartz  mill  recently  built  at  the  Mayflower  is  of  the  Chilian 
wheel  arras  tre  type,  and  is  to  be  run  by  a  small  Pel  ton  wheel.  It 
promises  to  be  effective  not  only  in  proving  but  in  developing  the 
property. 

BLACK  BEAR  MINE  (38). 

The  Black  Bear  mine,  situated  about  2^  miles  northwest  of  Galice, 
on  the  south  fork  of  Rocky  Gulch,  is  owned  by  the  Black  Bear  Mining 
&  Milling  Co.  Several  tunnels,  one  of  which  is  about  1,000  feet  in 
length,  and  a  30-foot  shaft  constitute  the  development  work. 

The  country  rock  is  greenstone  near  its  contact  with  serpentine 
that  is  derived  in  part  from  pyroxenite.  A  vertical  belt  of  quartz 
veinlets  and  kidneys  2J  feet  in  width  runs  nearly  north  and  south 
approximately  parallel  to  the  contact.  Other  quartz  veins,  some  of 
which  carry  pyrite,  nm  nearly  east  and  west  at  right  angles  to  those 
mentioned  above.    The  ore,  which  is  rich  in  pyrite,  with  some  chalco- 
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pyrite,  is  scattered  rather  irregularly  in  the  vein  belt.  About  4  tons 
of  ore  has  been  obtained  from  the  30-foot  tunnel,  and  its  value  as 
shown  by  assays  is  said  to  range  from  $4  to  $27  a  ton,  chiefly  in  gold 
and  a  little  copper.  Some  of  the  ore  is  cut  by  shearing  plains,  on 
nrhich  the  slickensided  ore  shows  decided  movement  since  the  ore 
was  deposited. 

SPOKAVS  PROPXETT  (»). 

The  Spokane  property  is  situated  about  2}  nules  northwest  of 
Galice,  near  the  head  of  Rich  Gulch.  It  lies  in  greenstone  near  the 
southwest  edge  of  the  serpentine-pyroxenite  belt  which  separates  it 
from  the  Black  Bear  mine.  A  number  of  prospect  holes  and  small 
tunnels  give  evidence  of  considerable  work  but  of  short  duration. 
The  small  arrastre  is  in  ruins  and  the  cabins  deserted. 

BLACK  HAWK  PEOPEETT  (40). 

The  Black  Hawk  property  Ues  on  Quartz  Creek,  not  far  from  the 
eastern  contact  of  the  Peavine  serpentine  belt.  Development  work 
only  has  been  reported  for  the  last  year. 

The  Black  Jack  group  is  near  the  Black  Hawk.  Although  neither 
of  these  mines  was  visited,  I  have  learned  from  good  authority  at 
Galice  that  the  ore  of  the  Black  Jack  group  is  free  milling  and  that 
between  $6,000  and  $7,000  in  gold  was  won  from  a  pocket  by  hand 
mortaring. 

HSBBrr  OEOXXP  (41). 

The  Nesbit  group,  embracing  3  claims,  lies  about  2  miles  northwest 
of  Galice,  near  the  Peavine  Mountain  trail,  at  an  elevation  of  about 
1,760  feet.  The  coimtry  rock  is  chiefly  rotten  greenstone  a  short 
distance  southwest  of  the  serpentine  belt.  The  slopes  are  gentle  and 
the  greenstone  is  covered  by  a  deep  capping  of  yellowish  iron-stained 
residual  material  which  in  places  yields  free  gold.  Considerable  gold 
lias  been  won  from  tins  residual  material  by  panning.  The  average 
of  a  number  of  assays  is  said  to  be  $6.50  a  ton,  and  it  seems  probable 
that  it  would  pay  well  to  hydraulic  the  whole  slope.  However,  the 
available  water  is  all  controlled  by  the  Old  Channel  Co.  The  claims 
lie  only  a  short  distance  above  the  Old  Channel  diggings  and  may  well 
hav-e  contributed  to  their  richness.  A  short  tunnel  and  incline  have 
been  run  into  the  decomposed  material,  and  a  longer  tunnel  is  in 
progress  to  tap  it  at  a  level  about  100  feet  lower. 

« 

THEES  LODES  OEOUP  (4S). 

The  Three  Lodes  group  includes  a  number  of  claims  on  Blanchard 
Gulch,  about  2  miles  by  road  directly  west  of  Galice,  at  an  elevation 
of  about  1,500  feet.  The  country  rock  is  greenstone  and  serpentine 
and  the  30-foot  tunnel  follows  a  fault  gouge  near  the  contact.  The 
presence  of  water  and  the  slippery  serpentine  render  tunneling  some- 
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what  difficult.  The  serpentine  in  places  along  the  timnel  is  impreg- 
nated with  pyrite  but  not  so  richly  as  to  form  ore  bodies. 

Several  local  assayers  reported  tin  from  this  mine  and  also  from  the 
near-by  Golden  Pheasant,  but  there  is  nothing  in  the  character  of 
the  rock  as  seen  in  the  field  that  would  suggest  the  presence  of  tin. 
Under  the  guidance  of  the  general  manager,  F.  F.  Johnson,  five  sam- 
ples of  the  reported  tin-bearing  rock  were  collected  for  test.  Mr. 
Chase  Palmer  tested  them  in  the  chemical  laboratory  of  the  Survey 
and  reports  on  every  sample  "no  tin  foimd.''  These  tests  simply 
confirm  the  tests  previously  made  by  Profs.  Parks  and  Swartly,  of  the 
Oregon  State  Bureau  of  Mines  and  Agricultural  College  at  Corvallis. 

A  short  distance  west  of  the  Three  Lodes  opening,  at  the  f aUs  of 
Blanchard  Gulch  above  the  road,  a  vertical  5-foot  ledge,  apparently 
of  banded  quartzite,  strikes  N.  10°  E.  Farther  up  the  hill  toward 
the  Hidden  Treasure  the  ledge  is  prospected  and  the  ore  is  said  to  nm 
from  $6.90  to  $8.20  a  ton  in  gold.  Other  prospects  have  been  made 
farther  northeast  on  quartz  veins  running  N.  22°  E.  in  slaty  green- 
stone. They  contain  a  little  chalcopyrite  and  scattered  pyrite  in 
chlorite. 

QOLDXV  PHZA8AVT  O&OXXP  (4S). 

The  Golden  Pheasant  group  Ues  about  IJ  miles  directly  west  of 
Galice  near  the  contact  between  the  slates  of  the  Galice  formation  and 
the  greenstones.  A  number  of  timnels  have  been  run  into  the  green- 
stone at  several  levels.  In  quartz  veins  and  kidneys  running  N.  30° 
E.,  in  the  lower  tunnel,  a  bluish-black  foliated  mineral  occurs  sparsely. 
Chemical  tests  prove  it  to  be  molybdenite.  From  a  pile  of  chloritic 
schist  containing  films  of  calcite  on  the  shearing  planes  samples  of  the 
reported  tin  ore  were  taken,  but  careful  tests  by  Dr.  Palmer  in  the 
chemical  laboratory  of  the  Survey  failed  to  show  any  tin. 

The  slates  of  the  Galice  formation  and  the  greenstones  are  particu- 
larly well  exposed  near  their  contact  at  the  falls  in  Blanchard  CVeek. 
Except  that  the  coimtry  rock  is  greenstone  instead  of  quartz  por- 
phyry, the  mine  seems  to  be  at  the  horizon  of  the  Big  Yank  lode  of 
the  Almeda  mine,  but  from  outcrops  in  \dew  in  Blanchard  Gulch 
there  is  no  evidence  of  the  existence  of  important  ore  bodies. 

SUQAB  PINE  MINE  (50). 

One  of  the  mines  that  has  attracted  considerable  attention  in  the 
Galice  region  is  the  Sugar  Pine,  on  the  North  Fork  of  Galice  Creek, 
about  2i  miles  in  a  direct  line  southwest  of  Galice.  It  was  opened 
by  Cassady  &  Draper  in  1860  and  worked  by  Daniel  Green  and  his 
brother  for  some  years  up  to  1881,  when  it  was  sold  to  the  Sugar 
Pine  Mining  &  Milling  Co. 
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The  mine  has  over  2,800  feet  of  iindergr9iind  workisgB,  of  which  the 
principal  entrance  and  level,  800  feet  in  length,  is  at  an  elevation  of 
about  1,700  feet.  The  country  rock  is  greenstone,  composed  chiefly 
of  green  hornblende.  The  mine  is  only  about  1,200  feet  west  of  the 
contact  between  the  slates  of  the  Galice  formation  with  the  green- 
stone and  serpentine. 

The  sheared  belt,  1  to  5  feet  in  width,  with  its  ribbons,  veins,  and 
kidneys  of  quartz  along  a  well-defined  hangmg  wall,  runs  approxi- 
mately north  and  south  and  dips  steeply  to  the  west.  As  in  the 
Oriole,  the  bunches  of  quartz  are  incased  in  chlorite.  The  ore  min- 
erals, chalcopyrite,  pyrite,  and  galena,  carrying  values  in  gold  and 
silver,  are  scattered  here  and  there  through  the  quartz.  The  ore 
from  a  rich  shoot  mined  out  by  the  Green  brothers  yielded  between 
$25,000  and  $30,000  when  treated  in  an  arrastre.  A  10-stamp  mill 
with  two  concentrators  was  erected  in  1908,  but  ran  only  several 
months  before  closing.  The  mill  has  since  been  sold  and  removed  to 
the  Oriole. 

GOLD  PZJLTZ  P&OPS&TT  (51). 

A  short  distance  south  of  the  Teddy,  on  the  steep  north  slope  of  the 
West  Fork  of  Galice  Creek  at  an  elevation  of  1,500  feet,  lies  the  Gold 
Plate  prospect,  recently  located  and  prospected  by  a  number  of  txm- 
nels.  The  greenstone  is  greatly  crushed  and  the  cavities  filled  with 
quartz  crystals  similar  to  those  commonly  present  in  a  region  of 
pockets.  The  veins  in  places  near  the  cabin  appear  to  lie  flat,  but 
near  by  on  both  sides  they  are  vertical  and  strie  N.  25®  E.  There 
is  some  pyrite  in  the  quartz,  but  no  important  ore  bodies  are  in  sight. 

VICTO&  Mnrz. 

The  Victor  mine  is  about  7  miles  from  Galice  on  the  West  Fork  of 
Galice  Creek.  When  in  the  region  in  1911  I  was  unable  to  visit  it, 
but  Mr.  C.  L.  Barlow,  of  Galice,  informs  me  that  the  owners  struck 
a  rich  vein  and  took  out  about  $2,500  in  a  month  with  a  hand  mor- 
tar. In  1912,  5  men  were  still  at  work  and  were  averaging  more  than 
$4  to  the  man  a  day. 

STREFUOirS  TBDDY  CLAIM  (f2). 

The  Strenuous  Teddy  claim  is  situated  about  3i  miles  southwest 
of  Galice,  on  the  West  Fork  of  Galice  Creek  at  an  elevation  of  about 
1,620  feet.  Two  belts  of  vertically  banded  siliceous  rocks,  probably 
quartzites,  running  N.  15®  W.,  form  prominent  bluffs.  Each  belt 
is  about  150  feet  thick  and  the  two  belts  are  separated  by  125  feet  of 
intrusive  greenstone  similar  to  that  which  bounds  the  quartzite  on 
both  sides.  Tunnels  have  been  nm  into  both  belts  of  quartzite,  and 
the  sheared  rock  has  been  found  impregnated  by  pyrite — richly  for 
2  feet  and  sparsely  for  5  feet.    Part  of  the  dark  rock  so  rich  in  pyrite 
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appears  indistinctly  micaceous.  To  test  the  auriferous  character  of 
the  pyrite  a  specimen  of  this  rock  was  assayed  for  the  Geological 
Survey  by  E.  E.  Burlingame  &  Co.,  of  Denver,  Colo.,  and  yielded  a 
"  trace"  in  gold,  but  no  silver.  Farther  up  the  slope  are  quartz  veins 
containing  cavities  lined  with  quartz  crystals  and  free  gold. 

COLD  SPKHrO  COPPB&  MINE  (58). 

The  Cold  Spring  copper  mine  lies  on  the  southwest  slope  of  the 
West  Fork  of  the  Galice  Creek  nearly  opposite  the  Sugar  Pine.  It  was 
lately  examined  in  detail  imder  option  by  the  Almeda  Co.,  and  half 
a  ton  of  ore  shipped  for  test.  Although  I  did  not  see  the  mine,  Mr. 
Daniel  Green  informs  me  that  large  bodies  of  copper  ore,  chiefly  chal- 
copyrite,  is  in  sight.  The  ore  is  said  to  be  of  good  grade,  but  it  has 
no  associated  galena,  as  at  Sugar  Pine. 

CABLTOir  O&OXrP  (54). 

The  Carlton  group,  embracing  9  claims,  lies  on  both  sides  of  the 
South  Fork  of  Galice  Creek  3  miles  southwest  of  GaUce,  at  an  eleva- 
tion of  nearly  1,400  feet.  The  country  rock  is  slate  and  greenstone, 
and  their  contact  corresponda  to  the  position  of  the  Great  Yank 
lode,  on  which  the  Almeda  mine  is  situated.  Two  tunnels,  aggre- 
gating about  250  feet  in  length,  run  into  the  greenstone  near  the 
contact.  The  greenstone  in  places  where  sheared  is  richly  impreg- 
nated with  pyrite  and  some  chalcopyrite.  The  rock  is  so  richly 
pyritized  that  if  auriferous  it  would  afford  a  concentrating  ore. 
An  assay  made  for  the  Geological  Survey  by  E.  E.  Burlingame  &  Co. 
3rielded  a  trace  of  gold.  Some  ore  bodies  are  reported  on  the  hill- 
side a  short  distance  south  of  the  tunnels  referred  to,  but  the  tunnels 
have  not  yet  reached  them. 

LOST  FLAT  MINE  (55). 

The  Lost  Flat  mine  is  on  Cliieftain  Gulch  about  4  miles  southwest 
of  Gahce.  It  was  discovered  in  the  latter  part  of  the  seventies  and 
operated  irregularly  for  four  or  five  years  with  an  arrastre.  Its 
production,  however,  is  said  to  have  been  less  than  that  of  the 
Sugar  Pine.  A  small  amount  of  ore  was  shipped,  but  for  test  only, 
and  the  mine  was  closed. 

QT7EEN  GOLD   de  COPPER  MINE  (61). 

The  Queen  Gold  &  Copper  Mining  &  Smelting  Co.  owns  a  mine 
about  3 J  miles  northwest  of  Wonder.  The  11  claims,  whose  greatest 
length  is  northeast  and  southwest,  cross  the  divide  between  Water 
and  Limpey  creeks  and  cover  a  belt  of  greenstone  l^'ing  between 
the  slates  of  the  Gahce  formation  on  tlie  northwest  and  serpentine 
on  the  southeast.     A  small  placer  at  the  head  of  one  of  the  forks  of 
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Water  Creek  near  the  contact  between  the  greenstone  and  the  ser- 
pentine yielded  $3,000  in  gold  some  years  ago  and  started  prospecting 
to  find  its  source.  A  number  of  timnels  and  crosscuts  aggregating 
over  800  feet  of  underground  workings  have  been  run  in  the  green- 
stone. At  the  time  of  my  visit  I  found  no  one  at  the  mine  and  did 
not  see  all  of  the  openings.  An  interesting  breccia  of  greenstone, 
cemented  by  quartz  and  about  12  feet  in  thickness,  is  exposed  by  the 
tunnel  on  the  Limpey  Creek  side  of  the  divide  and  may  be  locally 
mineralized.  Outcrops  of  this  breccia  were  seen  as  far  west  as 
Slate  Creek,  2  miles  below  the  Buckeye  mine. 

BircKZYE  Mnrz  (O). 

The  Buckeye  mine  is  on  the  East  Fork  of  Slate  Creek  at  an  elevation 
of  about  2,800  feot.  It  lies  between  the  Queen  and  the  Ramsey 
mine,  about  5  miles  northwest  of  Wonder.  The  country  rocks  ©.re 
greenstone,  serpentine,  and  slates  of  the  Galice  formation.  Tlie  mine 
is  near  the  contact  of  these  rocks,  and  the  several  tunnels,  probably 
not  over  100  feet  in  length,  are  in  the  igneous  rocks. 

The  plant  reached  by  the  Slate  Creek  road  includes  a  small  mill 
and  cabins.  The  only  ore  seen  was  at  the  cabins.  It  consisted 
of  quartz  from  veins  and  kidneys  in  greenstone.  The  quartz  con- 
tains grains  and  bunches  of  chalcopyrite,  pyrite,  and  resinous  parti- 
cles wluch  appear  to  be  zinc  ore.  There  may  have  been  a  small  pro- 
duction from  this  mine,  but  the  amount  has  not  been  learned. 

The  gold  is  all  in  the  greenstone  and  is  most  abundant  within  30 
feet  of  the  contact,  where  much  of  the  greenstone  is  cruslied  and 
brecciated.  The  rotten  iron-stained  greenstone  of  the  shaft  when 
crushed  in  a  mortar  and  panned  yielded  a  number  of  colors  of  pyrite 
and  gold  but  none  of  platinum.  This  rock  was  supposed  to  carry 
high  values,  and  for  tliis  reason  a  sample  was  assayed  by  Burlingame  & 
Co.,  of  Denver,  who  report  as  follows:  Gold,  0.01  ounce  to  the  ton; 
silver,  0.00  ounce  to  the  ton. 

In  tlie  tunnel  near  by  another  sample  was  taken  of  rock  which 
Mr.  Ramsey  states  a  local  assayer  reports  to  contain  high  values  in 
platinum.  BurUngame  &  Co.  report  from  an  assay  of  tliis  material 
as  follows:  Gold,  0.01  ounce  to  the  ton;  silver,  0.00  ounce  to  the 
ton;  platinum,  none  present. 

RAMSBY  MINE  (6S). 

On  the  West  Fork  of  Slate  Creek,  about  6  miles  northwest  of  Won- 
der, there  is  a  group  of  three  claims  owned  by  W.  H.  Ramsey.  The 
claims  cover  greenstone  and  its  contact  with  serpentine.  The 
workings  include  two  small  tunnels  about  40  feet  in  length  and  a 
12-foot  shaft  at  an  elevation  of  about  2,800  feet. 
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The  soil  in  the  immediate  vicinity  of -the  contact  of  serpentine  and 
greenstone  has  been  dniced  off  for  nearly  100  feet  and  is  said  to  have 
paid  well  in  reUtively  coarse  gold.  In  fact,  all  the  dirt  I  tested 
fiiereabouts  when  panned  yield^  nnmerons  colors  of  fine  gold. 

In  the  upper  tunnel  the  fault  contact  of  the  seri>entine  overlying 
the  greenstone  is  well  exposed,  striking  N.  25^  W.  and  dipping  62^ 
NE.  This  is,  however,  in  a  bend  of  the  contact,  for  the  general 
trend  of  the  contact  of  serpentine  and  greenstone  is  N.  30^  E.  and 
<fip40''SE. 

Some  distance  west  of  the  contact  toward  the  creek  another  tunnel 
has  been  run  into  crushed  greenstone,  and  the  iron-stained  rock  has 
been  reported  by  local  assayers  to  contain  a  small  percentage  of 
tungsten. 

A  sample  selected  by  Mr.  Bamsey  and  mjrself  to  test  this  matter 
was  sent  to- the  laboratory  of  the  (Geological  Survey,  where  it  was 
tested  by  B.  C.  Wells  and  found  to  contain  no  tungsten  but  a  small 
fraction  of  1  per  cent  of  vanadiipn. 

Mr.  Bamsey  has  a  small  water-power  arrastre  by  his  cabin  on 
Slate  Creek  conveniently  located  with  reference  to  the  mine,  with 
which  it  is  connected  by  a  trail.  Boad  construction  would  be  com- 
paratively easy,  but  very  little  has  yet  been  accomplished  in  either 
production  or  development. 

A  report  on  this  mine  by  Adolph  Maier,  of  Grants  Pass,  was  pub- 
lished in  the  Courier  of  that  city,  June  25,  1911,  giving  much  higher 
values  for  the  ores  than  those  noted  above. 

OLD  GLOBT  PBOPXBTY  (M). 

The  mine  of  the  Old  Glory  Gold  Mining  Co.  of  Grants  Pass  is  on 
Silver  Creek  about  25  miles  almost  due  west  of  Grants  Pass  and 
nearly  20  miles  from  Galice,  from  which  it  is  reached  by  trail.  It 
is  the  only  lode  prospect  noted  on  Silver  Creek  and  I  did  not  visit  it, 
but  I  am  informed  that  there  are  four  claims  on  the  strike  of  the 
vein  besides  a  large  tract  of  placer  groimd.  Two  timnels  40  feet  in 
length  open  up  a  large  quartz  vein  carrying  on  the  average  $10  a 
ton  in  free  gold  and  sulphides.  Smaller  veins  near  by  cany  both 
gold  and  copper.  The  ledges  run  east  and  west  and  cut  across  the 
formations,  which  are  well  exposed  on  the  walls  of  the  canyon. 

zmuBXA  Mnrz  (74). 

The  Eureka  mine  on  a  branch  of  Soldier  Creek,  about  12  miles 
northwest  of  Kerby,  is  owned  by  a  company  in  Eureka,  Cal. 

The  property  embraces  six  or  more  claims  and  is  reached  by  trail 
only.  There  are  probably  1,000  feet  of  imderground  workings,  also 
ain  drills,  electric  lights,  and  a  lOnstamp  mill  with  concentrator  and 
cyaniding  plant  now  idle.    The  mine  was  operated  more  or  less 
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irr^ularly  for  about  four  years,  beginning  in  1901,  with  a  Hunting- 
ton mill.  The  output,  though  considerable,  is  not  definitely  known. 
The  country  rocks  are  greenstone  and  serpentine  and  the  ore 
occurs  in  irregular  but  abundant  veins  or  bunches  of  quartz  on  the 
contact  or  near  it  in  the  adjacent  greenstone.  The  quartz  streaked 
with  a  dark  ore  mineral,  reputed  to  be  a  telluride,  is  richest  and  is 
said  to  run  as  high  as  $500  a  ton.  Such  ore  was  rare  and  is  not  now 
available.  The  general  average  of  ore  is  low,  much  of  it  about  40 
cents  a  ton,  and  would  not  pay  for  working.  The  ribboned  veins  of 
quartz  strike  N.  50®  W.  and  dip  75**  NE.  The  contact  has  been 
worked  250  feet  in  depth  and  500  feet  in  length  horizontally. 

O.  B.  AJmZBSOir  PBOSFSCT  (76). 

Mr.  G.  E.  Anderson  has  recently  opened  a  prospect  near  Illinois 
River  and  the  mouth  of  Rancherie  Creek  in  greenstone  close  to  the 
border  of  serpentine.  The  sheared  belt  of  rock,  10  feet  in  width, 
carrying  a  fair  grade  of  ore,  runs  N.  45®  E.  and  dips  47®  SE.,  approxi- 
mately parallel  with  the  neighboring  contact.  Irregular  quartz 
veins  occur  in  about  4  feet  of  this  belt  and  yield  some  free  gold  when 
mortared  and  panned.  The  most  prominent  ore  minerals  are  pyrite, 
chalcopyrite,  and  galena,  so  that  the  ore  contains  copper,  lead,  and 
possibly  silver,  as  well  as  gold.  Assays  are  reported  from  $1.80  to 
$180  a  ton  on  picked  samples,  and  the  quartz  is  said  to  average  about 
$9  a  ton. 

About  a  mile  farther  southwest,  on  the  west  fork  of  Rancherie 

Creek  where  it  cuts  across  a  point  of  tuffaceous  greenstone  flanked 

by  serpentine,  a  fault  in  the  greenstone  is  well  exposed.    The  fault 

runs  nearly  east  and  west  and  dips  68®N.    The  rock  is  much  crushed, 

shckensided,  and  mineralized  for  a  short  distance  on  both  sides,  but 

most  richly  on  the  fault.    In  places  there  is  much  quartz  on  the 

fault  plane.     The  small  body  of  ore  along  the  fault  is  chiefly  pyrrho- 

tite  and  is  said  to  contain  some  nickel  and  free  gold.     This  deposit 

is  evidently  related  to  that  on  the  Calumet  in  the  forks  of  Rancherie 

Creek. 

CALxncET  Mnrz  (H). 

The  Calumet  mine  embraces  nine  claims,  extending  from  lUinoia 
River  at  the  mouth  of  Rancherie  Creek  southwest  by  the  forks  of  the 
creek  for  a  mile  and  a  half. 

The  country  rock  is  serpentine  and  tuffaceous  greenstone.  The 
fragmental  character  of  the  greenstone  demonstrates  its  volcanic 
origin  and  also  shows  that  it  is  intruded  by  the  serpentine.  As  a 
result  the  greenstone  at  a  number  of  places  on  or  near  the  contact  is 
more  or  less  richly  mineralized  with  pyrite,  pyrrhotite,  and  some 
chalcopyrite  and  galena. 
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The  principal  openings  of  this  mine  for  pyrrhotite  and  auriferous 
chalcopyrite  are  near  the  mouth  and  forks  of  Rancherie  Creek.  They 
are  described  in  this  report  under  the  head  of  "Copper  mines/'  be- 
cause of  their  relation  to  the  deposit  on  Fall  Creek.  It  is  reported, 
however,  that  most  of  the  value  is  in  gold.     (See  p.  85.) 

The  greater  underground  workings  of  the  Calumet  mine  are  in  a  hill 
of  tuflfaceous  greenstone  nearly  surrounded  by  serpentine  about  a 
mile  southwest  of  the  forks,  higher  up  the  spur  than  the  outcrops  of 
pyrrhotite.  On  the  summit  of  the  hill  is  a  prominent  quartz  ledge 
said  to  carry  $4  to  $8  a  ton  in  gold.  The  hill  has  been  tunneled  from 
all  sides  by  nearly  2,000  feet  of  workings  designed  to  test  its  ores. 
Quartz  veins  are  common  and  run  in  various  directions  from  N.  40® 
W.  to  N.  70**  E.,  centering  in  the  hill.  The  best  quartz  veins  visible 
carry  chalcopyrite  and  galena,  but  the  material  generally  carries  free 
gold.  The  hill  contains  a  great  deal  of  low-grade  ore  that  might  be 
concentrated,  and  if  the  large  500-foot  tunnel  now  far  beneath  the 
siunmit  ledge  strikes  paying  ore  it  might  furnish  a  convenient  means 
of  removing  a  large  body  of  ore. 

OASBY  P&OSPBCT  (79). 

On  the  west  fork  of  Rancherie  Creek,  at  an  elevation  of  about  3,200 
feet  and  nearly  11  miles  in  a  direct  line  northwest  of  Kerby,  a  group 
of  six  claims  is  being  actively  prospected.  The  openings  are  near 
the  contact  of  greenstone  and  serpentine,  and  a  soft  black  deposit 
rich  in  pyrite  has  attracted  attention  on  account  of  its  rapid  oxida- 
tion and  the  development  of  heat  when  exposed.  The  material  had 
not  been  assayed  at  the  time  of  my  examination,  but  when  panned 
and  treated  with  nitric  acid  to  remove  the  pyrite  it  yields  numerous 
colors.  The  serpentine  shows  some  copper  stains,  and  the  decom- 
posed greenstone  deeply  covering  the  hill  slope  is  said  to  pan  well  in 
free  gold.  Assays  of  the  ore  by  a  local  assayer  are  said  to  indicate 
a  content  of  $60  a  ton.  Water  is  being  turned  on  this  property  to 
wash  the  crushed  material  at  the  contact. 

HiGonrs  Mnrs  (so). 

The  Higgins  mine,  at  the  head  of  Slide  Creek  on  the  Chetco  side  of 
the  divide,  12  miles  on  a  direct  line  or  20  miles  by  trail  northwest  of 
Kerby,  has  recently  attracted  much  attention.  The  holdings  embrace 
10  claims  taken  up,  at  least  in  part,  by  L.  G.  Higgins  in  1903.  They 
extend  northeast  and  southwest  along  a  contact  of  greenstone  and 
serpentine.  The  contact  has  been  sluiced  at  a  number  of  places  and 
most  of  the  gold  has  been  won  in  this  way.  The  gold  is  very  fine  and 
flaky.  It  has  not  been  transported,  but  was  set  free  by  decomposition 
of  the  rocks  in  place  along  the  contact.  The  gold  does  not  occur  in 
quartz  veins,  according  to  Mr.  Higgins,  but  between  the  foha  of  the 
talcose  minerals  in  the  shear  zone  along  the  contact. 
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The  latent  strike  of  this  mine  in  the  Golden  Dream  at  the  head  of 
Slide  Creek,  at  an  elevation  of  about  3,500  feet,  has  been  sluiced  by 
lessees.  The  ore  was  rich,  but  not  richer  than  that  obtained  by  Mr. 
Sggins  years  ago  on  the  same  contact,  three-fourths  of  a  mile  farther 
southwest.  Mr.  Higgins  has  erected  a  3-stamp  mill  with  a  concentra- 
tor to  mill  the  contact  rock.  A  100-foot  timnel,  somewhat  meander- 
ingy  has  been  run  along  the  sheared  contact  to  open  it  up,  but  there  is 
no  evidence  to  show  the  relative  value  of  the  rock  at  and  beneath  the 
surface.  A  short  distance  west  of  the  earlier  mine  some  slaty  rocks 
outcrop  which  may  be  of  sedimentary  origin,  but  no  gold  is  reported 
along  their  border.* 

The  Higgins  mine  affords  one  of  the  best  examples  of  the  general 
character  of  the  pockety  lode-gold  deposits  in  southwestern  Oregon. 

BZJLCK  BEA&  CLAIM. 

The  Black  Bear  claim,  located  on  the  ridge  between  Hoover  Gulch 
and  Fall  Creek,  recently  yielded  some  rich  samples  of  free  gold  that 
attracted  considerable  attention.  It  is  described  as  a  well-defined 
quartz  ledge  plainly  traceable  on  the  surface  of  the  steep  moimtain 
dope.  The  ledge  was  opened  at  four  different  points.  It  extends 
northeast  and  southwest,  and  where  the  rich  samples  were  taken  it 
was  not  less  than  a  foot  thick. 

HTTSTIS  Aim  AJmXRSOir  CLAIMS  (81). 

The  Hustis  and  Anderson  claims  are  on  the  northwest  slope  of  the 
Chetco  divide  on  XliUer  Creek,  nearly  a  mile  southwest  of  the  Higgins 
claims,  at  an  elevation  of  nearly  2,300  feet.  The  main  contact  of 
serpentine,  running  N.  20**  E.,  lies  just  west  of  the  mine,  which  is 
mainly  in  greenstone.  A  100-foot  timnel  to  the  east  in  greenstone 
reaches  another  contact  with  serpentine. 

An  old  arrastre,  now  in  ruins,  gives  evidence  of  milling  some  years 
ago.  The  principal  serpentine  contact  with  greenstone  extends 
directly  from  the  Higgins  mine  to  the  Hustis  and  Anderson  claims, 
where  it  meets  another  body  of  serpentine  from  the  east. 

MILLER  Aim  BACON  PROSPECTS  (82  AND  83). 

The  recent  strikes  of  the  Higgins  mine  have  greatly  invigorated 
prospecting  in  that  region,  and  numerous  claims  have  been  located 
near  the  same  horizon  to  the  south  on  Miller  Creek  and  Baby  Foot 
Creek,  tributaries  of  the  Chetco. 

The  Miller  and  Bacon  prospects  are  on  the  ridge  between  Miller 
Creek  and  Baby  Foot.  At  the  northern  foot  of  this  spur,  along  Miller 
Creek,  a  mass  of  serpentine  strikes  nearly  east  and  west  and  cuts  the 
volcanic  greenstones  which  form  the  body  of  the  ridge.  The  green- 
stones are  well  exposed  in  the  great  bluffs  overlooking  Baby  Foot  and 
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are  intruded  by  smaller  masses  of  serpentine,  offshoots  of  the  larger 
masses  which  lie  at  some  distance  on  both  sides. 

Considerable  quartz  occurs  in  irregular  veins  or  bimches  in  the 
greenstone,  especially  near  the  contact  with  serpentine,  where  it  is 
impregnated  with  chalcopyrite  and  pyrrhotite.  The  veins  strike  in 
general  about  N.  60®  E.  and  dip  SE.  Their  gold  content  is  not  evi- 
dent, though  it  is  said  that  assays  show  a  considerable  amoimt.  The 
gold  at  present  remains  in  the  decomposed  and  rotten  rock,  ready  to 
be  released  by  sluicing. 

•  In  the  Miller  group  of  10  claims,  a  portion  of  the  contact  has  been 
sluiced.  A  ditch  is  being  opened  from  Miller  Creek  to  the  crest  of  the 
divide  at  an  elevation  of  about  2,760  feet,  for  the  purpose  of  sluicing 
the  available  auriferous  residual  material  clinging  to  the  slopes  on 
both  sides  of  the  spur. 

WILUAXS  Sb  ADTLOTT  mHE  (84). 

A  number  of  claims  on  Hoover  Gulch,  about  8  miles  directly  north- 
west of  Kerby,  are  owned  by  WiUiams  &  Adylott.  The  claims  were 
seen  from  a  distance  only.  The  country  rock  is  mainly  greenstone 
and  greenstone  tuffs,  which  are  well  exposed  in  the  bluffs  about  the 
head  of  the  gulch,  but  there  is  an  intruded  mass  of  serpentine  also  in 
the  neighborhood,  and  possibly,  too,  some  cherty  slates  and  quartz- 
ites  related  to  those  at  the  head  of  Hoover  Gulch. 

A  shaft  has  been  sunk  40  feet  in  rock  that  is  said  to  contain  gold 
all  the  way  down.  The  residual  material  has  been  piped  off  and 
$500  cleaned  up,  though  much  of  the  gold  is  reported  to  have  been 
lost. 

GOLD  RIDOB  PROSPECTS  (89). 

Pocket  Knoll  and  the  divide  between  Mike  and  Days  gulches,  5  to  7 
miles  northwest  of  Kerby,  have  long  been  noted  for  their  pockets  of 
free  gold.  Pocket  Knoll  is  composed  of  serpentine  with  a  green- 
stone contact  near  its  western  base.  From  this  contact  northwest 
on  the  divide,  to  the  head  of  Hoover  Gulch  and  beyond,  the  ancient 
lavas  and  tuffs  include  much  reddish  and  siliceous  slates  of  sedimen- 
tary origin.  The  cherty  masses,  especially  about  the  head  of  Hoover 
and  Mike  gulches,  have  recently  been  prospected.  With  a  small 
hand  outfit  consisting  of  a  Simplex  rock  crusher  weighing  150  pounds, 
and  a  25-pound  muUer  and  plate  for  pulverizing,  T.  M.  Anderson,  of 
Kerby,  is  said  to  have  taken  much  gold  out  of  a  number  of  rich 
pockets. 

There  are  a  number  of  claims,  four  or  more,  on  the  flat  divide  at 
the  head  of  Hoover  and  Mike  gulches.  The  divide  is  occupied  by  a 
belt  of  more  or  less  cherty  slates,  about  100  feet  in  width  and  cov- 
ered by  a  thick  layer  of  rotten  rock,  bounded  on  both  sides  by  green- 
stone with  serpentine  near  by  to  the  northwest.     The  greenstone  is 
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in  places  granular  but  mostly  compact  and  in  general  contains  much 
auriferous  pyrite.  The  cherty  belt  and  its  quartz  veins  trend  N.  20® 
E.  and  dip  50®  SE.  A  tunnel  is  being  run  across  the  belt  in  the 
rotten  rock  to  locate  the  richest  portion.  A  shaft  has  been  sunk  20 
feet  in  this  soft  rock  and  gold  has  been  panned  from  the  oxidized 
material  at  the  bottom.  The  little  swale  on  the  northwest  has  been 
sluiced  with  good  returns,  and  if  water  were  cheaply  available  it  is 
possible  that  considerable  pay  ground  could  be  found. 

A  short  distance  northeast  of  the  tunnel  mentioned  above  is  the 
'* Beauty"  claim,  on  which  a  pocket  recently  opened  is  said  to  have 
yielded  $5,000  or  more  of  free  gold  in  quartz.  The  country  rock  is 
compact  greenstone  lying  east  of  the  siliceous  slates,  and  the  narrow 
pay  streak,  about  10  feet  in  length  and  within  2  feet  of  the  surface*, 
runs  northwest  and  southeast  perpendicular  to  the  general  course  of 
the  formations. 

PHILZPB  PBOPE&TY  (90). 

The  Philips  property,  known  also  as  the  Vanguard,  ia  on  the  north 
slope  of  Days  Gulch  near  Pocket  Knoll.  Several  openings  have 
been  made  in  the  hillside  and  an  80-foot  tunnel  run  in  greenstone 
not  far  from  its  contact  with  cherty  slates.  Some  sulphide  ores  carry- 
ing copper  and  gold  were  obtained,  although  no  considerable  bodies 
were  visible  at  the  time  of  my  examination.  The  tunnel  is  to  be 
extended  500  feet  farther  into  the  hill.  A  small  and  very  crude 
arrastre  on  the  creek  is  said  to  have  been  used  to  grind  some  of  the 
pocket  ore  from  the  ridge  near  the  knoll. 

CHATTY  MUTE  (fl). 

The  Chatty  mine  is  situated  in  Days  Gulch,  nearly  5  miles  north- 
west of  Kerby  at  an  elevation  of  3,160  feet.  The  country  rock  is 
greenstone  and  is  much  decomposed  near  its  contact  with  serpentine, 
where  the  original  owner  some  years  ago  found  a  rich  pocket  which 
is  reported  to  have  yielded  approximately  $8,000. 

The  mine  was  worked  to  a  depth  of  30  feet  before  it  came  into  the 
hands  of  the  present  owner,  who  has  run  a  tunnel  110  feet  to  a  fault 
with  a  well-defined  gouge,  but  no  valuable  ore  is  yet  in  evidence. 
The  fault  runs  N.  4®  W.  and  has  a  steep  dip  to  the  west,  being 
approximately  parallel  to  the  adjacent  contact  between  the  green- 
stone and  serpentine. 

This  pocket,  of  small  extent,  was  in  oxidized  material  and  its  con- 
tents were  completely  removed  some  years  ago.  Early  prospectors 
found  traces  of  gold  on  the  surface.  Later  these  traces  were  fol- 
lowed to  a  depth  of  15  or  20  feet  into  the  oxidized  rock,  where  in  the 
rich  pocket  the  quartz  veins  were  found  rusty  and  black.  The 
quartz  in  the  vicinity  is  porous,  and  where  compact  between  the 
cavities  is  fairly  rich  in  pyrite.     The  cavities  are  lined  with  quartz 


68  MINEBAL  BESOUBCES   OF   SOUTHWESTERN   OREGON. 

crystals,  generally  coated  with  limonite  like  that  filling  the  late 
figures  in  the  rock.  No  free  gold  was  seen  with  the  quartz  in  any  of 
the  cavities,  although  ppcket  hunters  of  the  region  assert  that  such 
quartz  is  characteristic  of  pockets.  An  extension  of  the  pocket  has 
been  sought  for  in  all  directions,  apparently  without  avail,  although 
the  work  continues. 

MOOD  MUTE  (92). 

Near  the  forks  of  Fiddlers  Gulch,  about  7  miles  nearly  west  of 
Kerby,  are  situated  the  six  claims  of  the  Mood  mine.  Like  most  of 
the  lode  mines  of  that  region  this  mine  is  in  the  vicinity  of  the  western 
border  of  the  great  serpentine  belt.  It  is  said  that  the  mine  has 
nearly  2,000  feet  of  underground  workings  and  an  old  arrastre  in 
which  ore  was  ground  that  yielded  some  thousands  of  dollars. 
Tunnels  are  being  run  to  the  northeast  along  a  shear  zone  approxi- 
mately parallel  to  the  contact.  There  is  a  small  but  distinct  gouge, 
some  irregular  veins  of  quartz,  and  a  lens  of  very  hard  rock  rich  in 
pyrite. 

In  the  same  vicinity  but  farther  west,  between  the  forks  and  along 
the  main  branch  of  Fiddlers  Gulch,  there  are  a  number  of  openings 
that  were  not  seen,  among  them  those  of  Watson  and  Andrews  (93). 
The  greenstone  is  in  places  full  of  pyrite,  but  its  value  has  not  been 
proved. 


On  the  south  fork  of  Fiddlers  Gulch,  at  an  elevation  of  nearly 
2,400  feet,  6  miles  west  of  Kerby,  is  the  mine  owned  by  Neil  Bros, 
and  recently  sold  to  the  Segno-Tomek  Gold  Mining  &  Milling  Co.  for 
$80,000  according  to  report. 

The  discovery  of  the  Neil  mine  was  made  by  a  short  tunnel  that 
yielded,  it  is  said,  some  remarkably  rich  dark  toUuride  ore.  The 
discovery  tunnel  is  near  the  contact  of  the  greenstone  and  serpentine. 
It  has  caved  in,  water  issues  from  it,  and  the  rich  ore  reported  is 
inaccessible  at  the  present  time. 

The  Segno-Tomek  Co.  has  run  a  large  tunnel  N.  68°  W.  for  about 
300  feet  to  a  contact  and  then  followed  the  contact  south  for  nearly 
100  feet  in  an  attempt  to  strike  the  rich  ore  several  hundred  feet 
beneath  the  original  discovery. 

The  rocks  along  the  contact  are  much  crushed  and  for  6  to  12 
inches  have  much  sheared  material  which  is  decidedly  serpentinous. 
As  far  as  seen  it  contains  little  evidence  of  ore. 

CAirrON  CREEK  CONSOLIDATED   GOLD  MINES  (96). 

The  property  of  the  Canyon  Creek  Consolidated  Gold  Mines  Co. 
embraces  seven  claims  near  the  head  of  the  North  Fork  of  Canyon 
Creek,  about  8  miles  directly  west  of  Kerby,  at  an  elevation  of  about 
2,900  feet. 
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After  a  number  of  prospect  openings,  more  or  less  promising,  were 
made  high  up  on  the  slope  a  tunnel  was  run  500  or  600  feet  below  to 
find  their  downward  extension.  The  tunnel  is  of  good  size  and  300 
feet  long  in  greenstone.  No  important  body  of  ore  has  yet  been 
reached.  A  small  stringer  was  cut,  yielding  $65  in  gold  and  silver  to 
the  ton.  About  90  feet  of  the  rock  tunneled  is  more  or  less  impreg- 
nated with  pyrite  and  is  said  to  assay  from  $2  to  $4  to  the  ton.  It  is 
proposed  to  continue  the  search  for  the  rich  ore. 

An  opening  on  the  creek  "nearly  a  mile  above  the  mine  ex^ses  a 
slickensided  fault  plane  striking  N.  60°  E.  and  dipping  60**  SE. 

BOWDEN  PROSPECTS  (M). 

Mr.  Samuel  Bowden,  of  Grants  Pass,  has  opened  a  number  of  claims 
on  the  North  Fork  of  Canyon  Creek  and  Lightning  Gulch,  in  green- 
stone on  shear  zones,  veins  of  quartz  or  dikes  of  dacite  porphyry  cut- 
ting the  greenstone,  and  reddish  cherts  that  are  radiolarian  and  cer- 
tainly of  sedimentary  origin.  In  all  these  places  the  greenstone  is 
more  or  less  impregnated  with  pyrite  and  m  some  of  them  wfth 
chalcopyrite.  The  shear  zones  and  quartz  veins  run  N.  20®  E.  and 
dip  40®  SE.  The  greenstone  in  places  is  practically  a  chlorite  schist 
and  is  then  most  probably  full  of  pyrite.  The  reddish  chert  is  closely 
related  to  that  of  the  Pocket  Knoll  region  and  lies  only  a  short  distance 
beyond  the  western  limit  of  the  great  serpentine  belt  that  crosses  the 
North  Fork  of  Canyon  Creek  at  the  falls,  half  a  mile  above  its  moutb. 

In  the  same  region  the  Telluride  Gold  Mining  Co.,  of  Seattle,  has 
five  claims.  It  is  reported  by  Mr.  Bowden  that  several  tons  of  ore 
were  shipped  to  Tacoma  as  a  test  and  yielded  good  returns. 

WnrTERS  AND  MoPHEBSOir  PROSPECTS  (»7  AJTD  18). 

Lightning  Gulcli  is  a  tributary  of  Canyon  Creek  west  of  the  serpen- 
tine belt  and  traverses  essentially  the  same  horizon  as  the  north  fork. 
The  greenstones  are  greatly  sheared  and  cut  in  some  places  by  dikes 
related  to  dacite  porphyry.  Near  by  are  banded  siliceous  rocks  which 
resemble  quartzites  and  probably,  hke  the  cherts  of  the  North  Fork 
of  Canyon  Creek,  belong  to  sedimentary  masses. 

Near  the  mouth  of  Lightning  Gulch,  J.  A.  Winters  has  run  a  number 
of  prospect  tunnels  into  black  slates  or  along  their  contacts  with 
greenstone.  The  rocks  at  this  place  are  much  disturbed  by  slides,  and 
although  they  may  in  some  places  average  several  dollars  a  ton,  the 
source  of  the  gold  is  difficult  to  trace.  Some  of  the  gold,  however, 
appears  to  be  in  the  slates,  whoso  bronze  slickensides  are  due  to 
shearing  movements  after  the  deposition  of  the  ore. 

Some  distance  up  Lightning  Gulch  Eugene  McPherson  has  a  mine 
tunnel  200  feet  in  length  that  follows  the  contact  between  greenstone 
and  banded  quartzite.  The  greenstone  is  greatly  altered  and  the 
contact  is  very  irregular.     A  small  quantity  of  rich  telluride  ore  ia 
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reported  to  have  been  stoped  from  this  tunnel.  I  was  unable  to 
obtain  a  sample  of  the  ore  at  the  mine,  but  a  small  fragment  was 
given  me  by  Mr.  Bowden,  who  assured  me  that  it  came  from  the 
McPherson  tunnel.  Mr.  Bowden  also  gave  me  a  sample  from  his  own 
prospect  farther  northwest  on  Lightning  Gulch.  Both  samples  re- 
acted strongly  for  tellurium,  giving  a  decided  purple  solution  when 
boiled  in  concentrated  sulphuric  acid. 

ALTA  MUTE  (107). 

. 

The*Alta  mine  on  Josephine  Creek,  4  miles  west  of  Kerby,  consists 
of  three  claims.  For  some  years  the  mine  was  worked  only  as  a 
placer,  but  recently  a  lode  mine  was  opened  in  the  bluflFs  bordering 
the  placer  and  a  mill  erected  to  crush  the  ore. 

The  country  rock  is  serpentine  derived  from  peridotite  and  cut  by 
a  large  dike  composed  of  a  rock  related  to  dacite  porphyry.  The 
dike  ranges  from  25  to  40  feet  in  width  between  serpentine  walls  and 
is  practically  vertical.  It  strikes  N.  40®  E.  and  has  been  traced  by 
Mr.  Wilson  about  a  mile  and  a  half.  Many  smaller  parallel  dikes  of 
thS  same  material  cut  the  serpentine  of  that  region,  so  that  the  rela- 
tion of  the  ore-bearing  rock  to  the  seipentine  is  evident. 

The  ore  is  chiefly  pyrite,  occurring  in  scattered  grains  through  the 
rock  and  more  abundantly  in  small  quartz  veins,  apparently  with 
some  chalcopyrite  and  possibly  pyrrhotite.  In  some  places  when  the 
rock  is  pulverized  and  panned  it  is  found  to  contain  not  only  pyrite 
but  apparently  considerable  free  gold.  As  the  mine  is  in  the  early 
stage  of  its  development,  Uttle  is  known  of  the  distribution  and 
extent  of  the  disseminated  ore.  A  good  sample  of  the  fresh  rock 
with  conspicuous  blotches  and  scattered  grains  of  pyritic  ore  in 
joints  and  veinlets  of  quartz  was  assayed  by  E.  E.  BurHngame  &  Co., 
of  Denver,  for  the  Geological  Survey,  and  it  yielded  0.02  ounce  in 
gold  per  ton.  About  a  dozen  sectional  samples  assayed  by  local 
assayers  were  reported  to  me  by  Mr.  WUson,  and  they  averaged 
about  $5  in  gold  per  ton. 

A  ^*Lane  slow-speed  Chilean  milV  has  been  erected  to  crush  the 
ore.  The  rock  is  first  run  through  a  breaker,  and  after  it  issues  from 
the  mill  is  run  over  plates  to  Johnson  concentrators.  The  mill  is 
run  by  a  25-horsepower  steam  engine  and  has  a  capacity  of  40  tons 
in  24  hours.  Mr.  Wilson  reports  a  satisfactory  test  run  of  about  500 
tons,  made  in  the  fall  of  1911,  at  a  cost  of  80  cents  a  ton  by  water 
power  and  $1  a  ton  by  steam.  After  amalgamation  and  concentra- 
tion the  taihngs  are  reported  to  show  no  trace  of  gold.  The  over- 
burden of  the  mine  is  gravel,  and  during  the  winter  the  water  is  used 
for  hydrauhcking. 

ROSEBUHG  AND  FIDELITY  GROtTPS  (118). 

The  Roseburg  group  of  six  claims  and  the  FideHty  group  of  four 
claims  he  about  the  head  of  Tennessee  Gulch,  3  miles  southwest  of 
Kerby,  at  an  elevation  of  nearly  2,500  feet. 
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These  claims  cluster  about  the  southwest  end  of  an  area  of  granular 
greenstone  surrounded  by  serpentine  whose  relations  were  not  fuUy 
determined. 

Portions  of  Tennessee  Gulch  have  afforded  rich  placers.  Claims 
were  taken  up  and  a  little  arrastre  built  40  years  ago  near  the  head 
of  the  gulch.  Two  tunnels  have  been  run,  one  N.  70**  E.  and  the 
other  N.  70®  W.,  near  the  contact  of  the  greenstone  and  serpentine. 
The  cellular  quartz  veins  containing  free  gold  are  in  the  greenstone 
and  are  approximately  parallel  to  the  irregular  contact,  ranging  from 
N.  50**  to  80®  E.,  with  nearly  vertical  dip.  Pyrite  is  the  most  abun- 
dant ore.    No  distinct  trace  of  copper  minerals  was  observed. 

A  large  timnel  is  being  run  at  a  considerably  lower  level.  It  is 
already  in  170  feet  in  greenstone  and  nearing  the  supposed  horizon 
of  the  veins  which  appear  at  the  surface. 

FKZX  Aim  EASY  MXirX  (U4). 

The  Siskiyou  Sunset  Mining  &  Development  Co.  has  a  deserted 
mine,  generally  known  as  the  Free  and  Easy,  in  the  large  serpentine 
area  2J  miles  west  of  Kerby.  Several  tunnels  and  other  openings 
were  made  in  the  serpentine  on  the  south  slope  of  the  ridge,  but  they 
are  now  caved  in.  In  the  valley,  a  few  hundred  feet  below  the  mine, 
there  is  a  small  Himtington  mill  long  unused. 


Unfortunately  I  do  not  have  the  exact  location  of  the  Brooklyn 
pocket  mine  and  the  January  mine  of  the  Sucker  Creek  district. 
Both  mines  appear  to  be  west  of  the  Grants  Pass  quadrangle  and 
Imported  a  considerable  production  in  1910.  According  to  the  latest 
report  from  the  Kerby  district,  the  only  producing  mine  in  that 
region  at  present  is  on  Sucker  Creek.  From  this  mine  Harry  Siskron 
and  his  partner  obtain  a  few  thousand  dollars'  worth  of  gold  each 
year  with  an  arrastre. 

COPPER  MINES  AND  PROSPECTS. 
COPPER   PRODUCTION. 

In  1905  Oregon  became  a  considerable  producer  of  copper.  The 
reported  output  for  succeeding  years  is  as  follows: 

Production  of  blister  copper  in  Oregon  from  190,5  to  2910. 


Pounds. 

1905 846,815 

1906 415, 803 

1907 554, 104 

1908 291,377 


Pounds. 

1909 235, 000 

1910 13,861 

1911 93, 136 

1912 260, 429 


Except  in  1909  and  1910  the  greater  part  of  the  production  came 
from  Josephine  County. 
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COPPER   DEPOSITS. 
DZSTBZBXTTIOir. 

The  copper  deposits  of  southwest  Oregon  have  long  attracted  at- 
tention and  a  number  of  attempts  have  been  made  to  mine  them 
in  a  broad  belt  that  extends  northeast  and  southwest  from  Curry 
and  Josephine  counties  into  Coos  and  Douglas  counties.  The  earli- 
est attempt  was  made  on  Illinois  River  near  the  mouth  of  Rancherie 
Creek,  and  later  in  the  same  district  on  Fall  Creek,  where  small 
furnaces  were  erected  and  operated  for  a  short  time  on  the  ores  of 
that  vicinity.  Shipments  of  ore  are  reported  to  have  been  made 
from  Collier  Creek  and  Rogue  River  in  Cmry  County  by  the  late  Col. 
I.  N.  Munsey.  At  Drew,  and  on  Green  Mountain  east  of  Glendale, 
and  the  west  fork  of  Cow  Creek,  near  Mount  Bolivar  in  Douglas 
County,  as  well  as  at  several  points  on  Chetco  River  in  Josephine 
County,  openings  have  been  made  and  ores  of  copper  taken  out,  but 
all  these  points  are  reached  by  trail  only.  Extensive  developments 
have  been  made  at  Almeda,  near  Galice,  and  at  Takilma,  near  Waldo, 
where  smelters  have  been  operated  at  intervals  for  a  number  of  years. 
Both  points  are  easily  accessible  by  wagon  road  and  are  now  appar- 
ently the  most  active  mining  centers  of  the  region.  For  a  list  of 
the  copper  mines  and  prospects  of  the  Galice-Kerby-Waldo  region, 
see  Plate  VI,  page  46. 

OBNE&AL  CHAaACTER.  . 

Only  a  few  localities  have  been  examined,  and  these  not  in  detail, 
but  enough  has  been  seen  to  indicate  that  they  are  essentially  contact 
deposits  and  that  there  are  two  distinct  modes  of  occurrence.  In  the 
one  class  the  ore  bodies,  chiefly  pyrite  with  subordinate  chalco- 
pyrite  and  bomite,  occur  in  quartz  porphyry  near  its  contact  with 
slates.  In  the  other  class  the  ore  bodies,  chiefly  chalcopyrite  and 
pyrrhotite,  prevail  in  greenstone  or  serpentine  near  their  contact. 

Of  the  occurrence  in  quartz  porphyry  the  deposit  at  Almeda  is  the 
best  known  and  almost  the  only  example  in  the  district ;  of  the  occur- 
rence in  greenstone  or  serpentine  near  their  contact  the  mine  at  Ta- 
kilma, generally  known  as  the  Queen  of  Bronze,  has  been  most  fully 
developed  and  described,'  but  the  deposit  on  Fall  Creek  is  quite  as 
characteristic. 

ALMEDA  MINE  (30). 
GENERAL   FEATURES. 

The  Almeda  mine  is  owned  and  operated  by  the  Almeda  Consoli- 
dated Mines  Co.  It  is  located  on  the  right  bank  of  Rogue  River, 
about  26  miles  below  Grants  Pass,  and  is  reached  by  stage  line  and 

1  This  mine  is  described  by  G.  F.  Kay  in  U.  S.  Geol.  Survey  Bull.  380,  pp.  7ft-78, 1909. 
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wagon  road  17  miles  from  Merlin,  on  the  main  line  of  tlie  Southern 
Padfic.  A  shorter  road  (15  miles),  avoiding  the  river  but  crossing 
the  divide  to  the  raihoad  at  Leland,  was  partly  completed  in  1911. 

The  situation  of  the  mine  is  advantageous,  as  it  lies  in  the  rugged 
but  passable  canyon  of  a  rushing  river,  cutting  directly  across  the 
formations,  so  that  the  canyon  walls  afford  convenient  facilities  for 
economical  mining. 

My  examination  of  the  mine  was  made  rather  inopportunely  on 
July  10  and  11,  1911,  just  as  the  management  changed.    At  that 
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Figure  8.  —Plan  and  longitudinal  section  of  Almeda  mine.    By  P.  n.  Holdsworth,  November  28, 191L 

time  no  plans  or  sections  of  the  mine  were  available  and  considerable 
portions  of  the  mine  were  inaccessible,  but  since  then  very  important 
development  work  has  been  carried  on,  giving  more  definite  informa- 
tion concerning  the  ore  bodies. 

A  special  survey  of  the  mine  was  made  for  the  company  in  the 
sunmaer  and  fall  of  1911  by  Mr.  P.  H.  Holdsworth,  and  he  has  kindly 
furnished  me  the  plan  and  longitudinal  section  (fig.  8)  of  the  mine. 
Furthermore,  he  sent  me  numerous  assays  of  the  ore  and  much  other 
information  quoted  below  concerning  the  adjacent  rocks. 
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It  is  only  fair  to  Mr.  Holdsworth  to  give  his  own  statements  in  a 
letter  of  November  28,  1911,  concerning  the  plan  and  sections. 
He  says: 

I  had  only  one  day  to  make  it  in  from  my  notes,  and  it  is  far  from  complete,  but  it 
will  give  you  an  idea  of  the  workings  and  ore  bodies,  as  to  size,  etc.  It  is  not  complete 
in  that  it  does  not  show  the  continuation  of  tunnel  No.  1  and  the  100-foot  level  (river 
tunnel).  Those  are  driven  to  the  north  several  hundred  feet,  but  the  air  in  them 
was  so  bad  at  the  time  of  survey  that  I  could  not  use  the  transit. 

The  ore  deposit  on  which  the  mine  is  located  contains  gold,  silver, 
and  copper,  and  lies  along  an  eruptive  contact  on  which  there  has  been 
considerable  faulting. 

The  Almeda  mine  is  developed  by  extensive  imderground  open- 
ings more  than  1,000  feet  m  length  on  the  strike  and  800  feet  in 
depth  by  adit  tunnels  above  the  river  and  by  a  vertical  shaft  reach- 
ing nearly  400  feet  beneath  the  river,  with  crosscuts  and  levels  every 
100  feet,  as  shown  in  the  plan  and  longitudinal  section  prepared  by 
Mr.  Holdsworth. 

The  mine  is  near  the  southwest  border  of  the  Galice  formation 
(dark  slates)  along  its  contact  with  an  igneous  rock,  but  for  the  most 
part  within  the  igneous  rock,  on  what  is  generally  known  in  the  region 
as  the  Big  Yank  lode.  The  igneous  rock  at  the  mine  is  closely  related 
to  quartz  porphyry  or  alaskite.  When  fresh  the  rock  has  a  dark-gray 
color,  but  in  most  places  it  is  bleached  and  stained  various  shades  of 
gray,  green,  yellow,  or  red.  In  places  its  texture  is  sparingly  por- 
phyritic,  with  phenocrysts  of  quartz  and  feldspar,  generally  plagio- 
clase,  embedded  in  a  very  fine  granular  or  cryptocrystalline  ground- 
mass  of  quartz  and  feldspar,  which  in  most  places  forms  the  bulk  of 
the  rock.  It  is  much  cut  by  shearing  planes  and  deeply  aflFected  by 
oxidation,  though  as  it  is  highly  siliceous  it  resists  disintegration  and 
forms  ledges  on  the  surface. 

Faults  are  common  in  the  slates  near  the  contact,  and  occur  also 
in  places  between  the  slates  and  the  lode.  By  the  road  just  east  of 
the  shaft  house  two  small  parallel  overthrust  faults  displacing  a  dike 
in  the  slates  were  measured.  They  strike  N.  15°  E.  and  dip  50°  NW. 
with  an  underthrust  of  4  feet  to  the  northwest.  Similar  faults  may 
be  expected  in  the  mine. 

The  slates  near  the  contact  are  in  places  markedly  indurated  by  the 
intrusion  of  the  quartz  porphyry.  On  the  300-foot  level,  within  a 
foot  of  the  contact,  the  slates,  ustially  dark,  are  baked  light  gray,  and 
very  hard.  They  are  seamed  with  calcite,  especially  on  the  shearing 
planes. 

"  The  contact  between  the  slates  and  the  igneous  rock,  with  which 
the  Big  Yank  lode  is  associated,  may  be  traced  for  over  20  miles  in  a 
direction  about  N.  30°  E.  from  Briggs  Creek  valley  to  Cow  Creek  at 
Reuben  Spur.     Although  the  general  course  is  maintained  with  con- 
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aiderable  regularity,  there  are  many  small  variations,  and  the  contact 
dips  to  the  southeast  in  the  same  general  direction  as  the  slates.  The 
plane  of  contact  is  generally  a  fault  plane  and  is  for  the  most  part 
followed  by  the  lode.  The  contact  is  apparently  most  irregular  and 
the  quartz  porphyry  most  cut  by  shearing  planes  in  the  vicinity  of 
the  ore  bodies. 

According  to  Mr.  Holdsworth  the  96-foot  crosscut  west  from  the 
SOQ-foot  level  traverses  ''metamorphosed  slate"  and  the  contact  is 
still  farther  west,  beyond  the  end  of  the  crosscut. 

I  visited  the  500-foot  level  and  followed  the  crosscut  from  the  shaft 
westward  96  feet  to  the  end,  collecting  samples  at  both  ends  and  at 
two  intermediate  points.  By  the  shaft  the  rock  is  in  some  places 
impregnated  with  pyrite  to  such  an  extent  that  nearly  one-fourth  of 
the  mass  is  pyrite.  There  is  much  less  pyrite  12  feet  from  the  shaft, 
and  from  that  point  to  the  western  end  of  the  crosscut  pyrite,  though 
present,  is  less  conspicuous. 

A  white  mineral  occurs  in  this  crosscut  more  or  less  abundantly 
throughout  the  rock  in  veinlets  and  small  bunches  and  appears  to 
increase  in  quantity  toward  the  western  end.  This  white  mineral 
was  found  to  be  gypsum,  probably  derived,  as  Graton^  has  shown, 
from  anhydrite. 

The  samples  taken  on  the  500-foot  level  near  the  shaft  and  12 
feet  west  of  the  shaft  were  assayed  by  E.  E.  Burlingame  &  Co.,  who 
report  a  gold  content  of  20  cents  a  ton  in  each.  One  of  the  samples 
contained  a  trace  of  silver. 

The  rock  traversed  by  the  crosscut  for  96  feet  west  from  the  shaft 
on  the  500-foot  level  is  highly  siliceous.  In  the  mine  I  regarded 
it  as  quartz  porphyry  and  not  metamorphosed  slate,  as  considered 
by  Mr.  Holdsworth.  The  contact  of  the  quartz  porphyry  with 
the  slates  on  the  500-foot  level  appears  to  me  to  be  at  the  foot  of  the 
shaft.  In  tlus  view  I  have  been  confirmed  by  a  microscopic  study 
of  thin  sections  of  the  rocks  collected  along  the  crosscut.  The 
rocks  still  retain  much  of  the  original  structure  of  the  quartz  por- 
phyry impregnated  with  pyrite  and  are  strongly  contrasted  with 
samples  of  the  indurated  slate  found  elsewhere  in  the  mine. 

With  due  regard  to  the  much  more  extended  investigations  of 
Mr.  Holdsworth,  I  am  still  of  the  opinion  that  the  ore  horizon  ia  on 
the  contact  near  the  foot  of  the  shaft  on  the  500-foot  level. 

CHARACTER    OP    THE     ORE. 

The  ore  minerals  are  sulphides,  and  the  ore  appears  to  be  of  two 
types — one  copper  ore  with  barite  as  the  principal  gangue  mineral, 
and  the  other  siliceous  gold-silver  ore,  reported  by  Holdsworth  but 

1  Graton,  L.  C,  The  occurrence  of  copper  in  Shasta  Coimty,  Cal.:  U.  8.  Oeol.  Survey  Bull.  430,  p.  103, 1910. 
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which  I  have  not  seen  in  place.  The  hitter  ore  is  principally  valuable 
for  its  gold  and  silver  and  has  quartz  as  the  gangue. 

The  copper  ore  is  rich  in  pyrite  and  barite,  usually  having  a  smaller 
percentage  of  intermingled  chalcopyrite  and  in  places  some  bomite. 
Gray  copper  ore,  tetrahedrite,  has  been  reported,  but  its  presence 
could  not  be  demonstrated. 

Rich  copper  ore  was  noted  near  the  indurated  slates  on  the  300- 
foot  level,  a  short  distance  north  of  the  crosscut  from  the  shaft. 

The  ore  throughout  is  of  the  replacement  type  and  is  in  general 
an  altered  and  mineralized  porphyry. 

A  partial  analysis  by  Chase  Palmer,  of  the  Geological  Survey,  of 
a  sample  of  this  ore  which  I  collected  on  the  300-foot  level  just  north 
of  the  crosscut  from  the  shaft  gave  the  following  results: 

Analysis  of  ore  from  the  Almeda  miney  Oregon. 

SiOa 0.  31 

BaSO^ 68. 21 

CaO 1.01 

Cu 6.02 

The  same  material  assayed  by  E.  E.  Burlingame  &  Co.  gave  gold 
0.10  ounce  and  silver  7.78  ounces  to  the  ton. 

This  sample  was  evidently  one  of  the  best  of  the  baritic  ore.  It 
is  high  in  both  copper  and  silver  and  carries  enough  gold  to  pay  for 
its  extraction. 

As  far  as  they  go  the  above  determinations  accord  with  the  follow- 
ing information  furnished  me  by  Mr.  Holdsworth  concernLag  the 
value  of  the  copper  ore.     Mr.  Holdsworth  states: 

To  the  west  of  the  metamorphosed  slate  is  the  heavy  spar-iron-copper  ore.     This 
nms  from  6  to  20  feet  in  width. 

Analyses  of  copper  ore  of  Ahneda  mine. 

SiOj 8.  8-          5. 1 

FeSa 27.  0-        48. 1 

CaO 0.  8  to  trace. 

BaS04 47. 8-        28. 2 

AI2O3 8.0-        10.9 

CuFeSa 6. 4-         6. 8 

'Assays  0/ copper  ore  of  Almeda  viine. 

Cu 1.5    to  4.  5  per  cent. 

Au 0. 12  to  0.  42  ounce  per  ton. 

Ag 3.  32  to  12. 18  ounces  per  ton. 

Lime  runs  up  at  times  to  2  per  cent. 

Concerning  the  siliceous  gold-silver  ore  Mr.  Holdsworth  remarks: 

Lying  next  to  and  west  of  the  spar  ore  is  from  30  feet  (in  the  j)arallel  and  No.  1  t\m- 
nels)  to  60  feet  (in  the  300-foot  level)  of  a  siliceous  gold-siJ  ver  ore.    The  300-foot  level 


I 


• 


COPPER  MINES  AND  PB08PBCTS.  77 

driven  120  feet  further  to  the  west  after  you  were  here,  and  all  in  commercial  ore. 
Ko  footwall  yet.    The  '  ^porphyry' '  at  this  point  has  been  entirely  replaced  by  the 
riliceous  ore,  but  comes  in  again  on  the  south  drift  on  this  level. 
In  the  upper  levels  the  siliceous  ore  averages  as  follows: 

Average  analysis  of  siliceous  gold-silver  ore  of  Almeda  mine. 

SiO, , 62.  9 

FeO 11. 5 

CaO 2. 1 

BaO 8. 1 

AljO, 5. 6 

S 8.3 

Cu 0. 3* 

Assay  of  siliceous  gold-silver  ore  of  Almeda  mine. 

Gold 0. 14  ounce  per  ton. 

Silver 6. 40  ounces  per  ton. 

In  the  lower  levels  this  ore  gives  about  the  same  analyses,  but  the  gold  content  is 
very  much  higher.  In  fact,  the  muck  from  the  120-foot  crosscut  west  from  the  300- 
foot  level,  where  you  saw  it,  was  all  run  through  the  smelter,  and  though  the  shoot 
proper  at  this  point  is  only  about  60  feet  wide  the  muck  from  the  120  feet  averaged: 
An,  0.90  ounce;  Ag,  3.2  ounces;  Cu,  about  0.3  per  cent.  In  fact,  the  ore  body  at  this 
point  has  the  greatest  showing  that  I  ever  saw  in  any  property. 

Still  to  the  west  of  this  porphyry  intrusive  is  ore  similar  in  character  to  the  siliceous 
ore.  I  have  no  idea  of  its  extent,  or  the  distance  to  the  footwall,  as  work  has  not  been 
sufficient  to  prove  it.  Drifts  have  been  run  65  feet  west  from  the  porphjny  and  no 
wall.  The  ore  to  the  west  has  not  been  sampled  sufficiently  to  give  a  true  idea  of  its 
value,  but  what  samples  I  have  taken  lead  me  to  think  that  it  can  be  worked  at  a 
profit. 

In  the  samples  I  am  sending,  Nos.  6,  7,  8,  9,  and  10  are  representative  of  the  siliceous 
ore.  Nos.  9  and  10  have  the  values  labeled  on  them.  The  others  have  not  been 
assayed,  but  are  typical  of  the  ore  and  may  run  anjrwhere  from  $4  to  $1,000  per  ton. 

Sample  No.  9,  mentioned  above  by  Mr.  Holdsworth,  is  labeled: 
'*300-foot  level,  gold,  18.64  oimces  per  ton;  silver,  5.90  omices  per 
ton.'' 

Sample  No.  10,  mentioned  above,  is  labeled:  '* 300-foot  level,  gold, 
9  oimces  per  ton;   silver,  5.96  omices  per  ton.'' 

An  assay  of  sample  No.  9  was  made  for  the  Geological  Survey  by 
E.  E.  Burlingame  &  Co.,  who  reported  it  to  contain  16.88  omices  of 
gold  and  10.92  omices  of  silver  to  the  ton.  Samples  Nos.  6  and  8, 
referred  to  above  with  Nos.  9  and  10  as  representative  of  the  siliceous 
ores,  but  not  definitely  located  in  the  mine,  were  assayed  for  the 
survey  by  E.  E.  Burlingame  &  Co.,  who  reported  as  follows: 

Sample  No.  6:  Gold,  0.48  oimce  to  the  ton,  and  silver  0.52  oimce 
to  ihe  ton. 

Sample  No.  8:  Gold,  0.075  ounce  to  ihe  ton,  and  silver  only  a  trace. 

This  gives  a  range  from  $1.50  to  nearly  $10  a  ton  in  gold. 

Practically  all  the  samples  of  ore  I  collected  in  the  Almeda  mine 
comparable  with  those  sent  to  me  by  Mr,  Holdsworth  are  of  the 
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baritic  type.  The  only  siliceous  material  I  collected  was  taken  from 
the  crosscut  west  from  the  600-foot  level,  and  thin  sections  show  this 
to  be  quartz  porphyry  impregnated  and  partly  replaced  by  a  very 
low-grade  pyritic  ore.  The  assays  of  these  specimens  given  on  page 
77  show  that  they  contain  but  very  little  gold  and  only  a  trace  of 
silver. 

These  samples,  however,  appear  to  me  to  fairly  represent  much  of 
the  material  lying  inmiediately  west  of  the  copper  ore  and  contact. 
For  example,  it  is  well  exposed  on  the  surface  by  the  river  and  up  the 
slope  by  the  mine,  especially  on  the  road  near  the  smithy,  where  the 
quartz  porphyry  is  impregnated  with  pyrite  more  or  less  irregularly 
for  more  than  a  himdred  feet  from  the  contact,  but  the  great  body  of 
impregnated  rock,  judging  from  its  physical  aspects,  does  not  appear 
to  carry  important  ore. 

The  ore  occurs  in  "bunches,''  as  the  miners  phrase  it,  "that  are 
longest  up  and  down  and  shortest  directly  across  the  contact."  The 
shape  and  extent  of  the  ore  bodies  have  not  yet  been  definitely 
worked  out  for  lack  of  suflScient  development,  but  they  appear  to 
me  to  be  in  general  lenticular  in  form,  with  their  greatest  extent  in 
the  plane  of  the  contact,  and  pitch  to  the  southwest  approximately 
parallel  to  the  slope  of  the  surface. 

The  thickness  of  the  principal  ore  body  where  I  saw  it  on  the  300- 
foot  level  is  about  15  feet.  As  shown  in  the  crosscuts  from  the  con- 
tact to  the  porphyry  dike  the  thickness  of  the  ore  body,  according  to 
Iloldsworth,  ranges  from  15  to  60  feet.  The  greater  dimensions  he 
reports  I  have  not  been  able  to  verify,  nor  have  I  seen  the  dike  and 
the  great  body  of  siliceous  gold-silver  ore  which  he  reports  west  of 
the  dike  on  the  crosscut  from  the  300-foot  level.  The  western  exten- 
sion of  the  crosscut  on  that  level  was  made  since  my  examination. 
On  the  western  side  the  ore  bodies  appeared  to  me  to  grade  more  or 
less  distinctly  into  the  quartz  porphyry. 

The  horizontal  extent  of  the  ore  body  along  the  contact  is  said  to 
be  about  225  feet.  Along  the  contact,  parallel  to  the  slope  of  the 
surface,  the  ore  appears  to  have  its  greatest  extent,  or  pitch,  with  a 
possible  but  irregular  continuity  of  about  600  feet  from  the  shaft 
crosscut  on  No.  1  level  to  the  stopes  in  tunnel  No.  3,  and  beyond  to 
the  gossan  on  the  surface,  nearly  400  feet  above  the  level  of  the  river. 
The  greater  prominence  of  the  gossan  on  the  upper  slope  northeast  of 
the  shaft  is  evidence  that  ore  shoots  rise  in  that  direction. 

It  seems  probable  that  there  is  a  second  ore  shoot  farther  north- 
east than  the  one  just  noted,  for  Mr.  Iloldsworth,  in  writing  of  the 
continuations  of  tunnel  No.  1  and  level  No.  1  to  the  north,  states  as 
follows: 

They  show,  however,  the  same  character  of  ore  as  in  the  other  workings,  and  also  a 
sacond  shoot  of  ore  parallel  to  that  shown  by  the  stopes  in  the  different  levels  and 
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lying  approxmiately  with  the  slope  of  the  hill.  It  may  be,  however,  that  it  is  a  contin^ 
nation  of  the  same  shoot  to  the  north,  as  on  the  No.  2  tunnel  level  the  ore  is  continuous 
and  massive  for  a  length  of  225  feet  and  shows  in  the  tunnels  at  intervals  as  far  north 
as  what  I  called  the  second  shoot. 

If  the  upper  shoot  really  lies,  as  it  seems  to  me,  with  the  longest 
axis  parallel  to  the  surface,  then  the  rich  ore  body  on  the  300-foot 
level  would  appear  to  belong  to  a  deeper  shoot,  a  shoot  possibly 
connecting  with  that  referred  to  above  by  Mr.  Holdsworth  as  a 
*' second  shoot."  If  such  is  the  case,  the  ore  deposit  on  the  500-foot 
level  would  be  most  likely  to  occur  200  feet  or  more  south  of  the 
shaft. 

The  absence  of  a  considerable  body  of  ore  at  the  contact  by  the 
«haft  on  the  600-foot  level  does  not  therefore  necessarily  mean  that 
ore  does  not  go  down  to  greater  depths,  for  according  to  the  pitch  of 
the  ore  shoots  just  noted  the  ore  should  be  looked  for  in  the  contact 
along  the  500-foot  level  south  of  the  shaft. 

Definite  walls  limiting  the  ore  bodies  appear  chiefly,  if  not  wholly, 
on  the  east  side,  adjoining  the  slates,  where  there  has  been  faulting, 
which  at  a  number  of  places  has  produced  a  definite  gouge.  Where 
such  gouge  is  absent  on  the  contact  there  is  still  a  marked  boundary 
between  the  ore  body  and  the  slate,  but  on  the  west  side,  as  far  as 
observed,  the  ore  appears  to  grade  into  country  rock  richly  impreg- 
nated with  pyrite. 

The  gossan  is  well  exposed  in  an  open  cut  12  feet  wide  to  the  depth  of 
15  feet.  It  is  strongly  stained  yellowish  and  brown  by  limonite  and 
is  composed  largely  of  barite  in  small  crystals  or  porous  tufa-like 
masses.  This  highly  baritic  gossan  may  be  20  to  50  feet  thick,  but 
could  not  be  thicker  than  80  feet  below  the  gossan  opening,  for  at  that 
level  tunnel  3  on  the  strike  of  the  ore  brings  out  fresh  pyrite,  showing 
no  trace  of  oxidation.  A  zone  of  enrichment  is  not  exposed.  If  one 
is  present  it  occurs  in  the  steep  slope  several  hundred  feet  above  the 
river  and  the  ground-water  level  at  that  point.  The  porous  barite 
of  the  gossan  is  a  secondary  deposit,  though  derived  directly  from  the 
P3rritic  ore,  of  which  it  is  the  gangue. 

0R20IN   OP  THE    ORE. 

The  altered  quartz  porphyry,  well  exposed  at  the  mine,  is  impreg- 
nated with  pyrite  more  or  less  irregularly,  in  some  places  for  more 
than  100  feet  from  the  contact,  and  the  amount  of  pyrite  generally 
increases  toward  the  contact,  where  the  conditions  under  which  it 
was  deposited  were  most  effective  and  resulted  locally  in  completely 
replacing  the  country  rock,  quartz  poiphyry,  by  the  development 
of  bodies  of  pyritic  ore.  The  ore  bodies  are  not  veins  marked  by 
sharp  walls,  but  while  they  grade  into  the  quartz  porphyry  on  the 
one  hand  they  are  more  distinct  from  the  slates  on  the  other.    Some 


80 


MINERAL  BESOUBCES   OF   SOUTHWESTERN   OREGON. 


of  the  ore  bunches  may  be  completely  surrounded  by  quartz  porphyry, 
but  they  were  not  seen  to  extend  mto  the  slates.  The  slates  are  cut 
by  dikes  of  dacite  porphyry  near  the  contact.  Several  of  these  dacite 
porphyry  dikes  are  well  exposed  in  the  road  bluff  by  the  shaft  house, 
and  one  that  is  greatly  altered  and  full  of  vein  quartz  with  dis- 
seminated pyrite  may  be  seen  in  the  slates  of  the  mine  on  the  cross- 
cut to  the  100-foot  level. 

The  close  relation  of  the  dikes  of  dacite  porphyry  and  the  ore 
body  is  regarded  as  indicating  that  the  ore  deposit  is  the  final  term 
in  the  series  of  changes  started  by  the  intrusion  of  the  porphyry 
dike. 

This  intrusion  heated  the  rocks  and  initiated  the  circulation  of 
heated  solvents,  which  while  dissolving  some  minerals  deposited 
others  in  their  stead,  and  the  process  may  have  been  carried  on  until 
the  originally  intruded  rocks,  dacite  porphyry  as  weU  as  the  quartz 
porphyry,  may  have  been  completely  replaced  by  various  ores. 

THE   SMEI/TEB. 

Near  the  mine  and  conveniently  located  on  the  river  there  was, 
in  1911,  a  small  smelter  with  water- jacketed  furnace  for  treating 
the  ores.  The  first  attempts  at  smelting  this  ore  in  1911  were  not 
successful.    Concerning  the  later  operations,  Mr.  Holdsworth  writes: 

Outaide  of  trouble  with  one  car  of  bad  coke  (28  per  cent  ash)  I  had  no  trouble 
other  than  would  naturally  occur  with  a  small  furnace.  I  used  the  siliceous  ore 
as  a  flux  for  the  iron  and  spar  and  used  no  lime  whatever,  except  the  small  amount 
in  the  ore. 

The  furnace  is  36  inches  by  72  inches  at  the  tuyeres,  and  we  averaged  a  little  over 
100  tons  a  day — that  is,  100  tons  of  ore  besides  the  coke  and  slag.  Ran  semipyritic 
smelting  ore  from  6  to  7  per  cent  coke.  As  the  iron  and  barium  occur  as  sulphides 
and  sulphates,  respectively,  there  was  alx)ut  26  per  cent  sulphur  in  the  charge.  Could 
average  about  30  tons  a  day  more  when  running  semipyritic  smelting  than  when 
running  straight  coke  smelting. 

The  following  are  typical  slags: 

Composition  of  slags  from  smelter  at  Almeda  mine. 


SiOs. 
FeO. 
CaC. 
BaO. 
A1,0, 


1 

1 

2 
31.8 

3 

4 

30.9 

31.1 

38.9 

24.9 

24.0 

25.3 

22.3 

3.1 

3.9 

4.8 

1.3 

30.4 

26.9 

29.1 

32.9 

10.6 

13.5 

9.9 

4.7 

Though  percentage  of  BaO  and  alumina  is  high,  they  run  very  well,  with  seldom  a 
loss  of  0.3  per  cent  copper;  usually  from  0.15  per  cent  to  0.2  per  cent  copper.  Ratio 
of  concentration  from  12  to  1  to  20  to  1. 

It  is  reported  that  in  1913  the  smelter  produced  6  carloads  of 
matte,  valued  at  about  $40,000.  On  August  23,  1913,  the  property 
pf  the  Almeda  Mines  Co.  passed  into  the  hands  of  a  receiver,  who, 
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after  making  a  3  weeks'  run  of  the  smelter  and  producing  3  carloads 
of  matte,  closed  the  smelter  to  make  some  tests  m  concentratmg  the 
ore  and  to  erect  a  concentratmg  plant. 

QUSXir  OF  BKOirZB  XZHX  (lit). 

In  the  great  serpentme  belt  extending  southwest  through  Josephine 
County  into  Curry  County  and  into  Califomia  there  are  nimierous 
copper  prospects,  of  which  those  in  the  vicinity  of  Takilma,  south- 
east of  Waldo,  are  most  important.  The  description  of  the  Queen  of 
Bronze  and  neighboring  mines  given  below  is  taken  from  a  report 
by  Q.  F.  Kay.*  The  mines  and  smelter  were  in  more  or  less  con- 
tinuous operation  from  1906  to  1909,  inclusive,  and  then  closed. 

The  Queen  of  Bronze  mine  is  located  in  sec.  36,.  T.  40  S.,  R.  8  W., 
about  6  miles  from  Waldo  and  2  miles  from  Takilma. 

The  rocks  with  which  the  ores  are  associated  are  gabbros,  peri- 
dotites,  and  serpentines.  They  are  fractured,  fissured,  and  jointed, 
and  in  many  localities  are  decidedly  brecciated.  The  soil  formed 
from  these  rocks  is  in  general  of  a  reddish  color  and  supports  a  scant 
vegetation. 

The  outcrops  of  the  ore  deposits  consist  of  gossan,  the  oxidized 
materials  varying  in  depth  from  a  few  feet  to  more  than  100  feet. 
The  ore  bodies  have  no  definite  form,  but  occur  as  irregular  masses 
in  the  gabbro,  the  peridotite,  and  the  serpentine.  These  masses  or 
pockets  of  ore  appear  to  have  no  definite  relationships  to  one  another, 
but  occur  irregularly  in  the  fractured  and  fissured  rocks.  Most  of 
the  ore  bodies,  however,  that  have  been  found  on  the  Queen  of 
Bronze  and  adjacent  claims  lie  in  a  zone  that  extends  for  several 
miles  in  a  north-south  direction  and  has  a  width  of  less  than  1  mile. 
The  largest  single  body  of  unoxidized  ore  obtained  from  the  Queen 
of  Bronze  mine  contained  about  10,000  tons.  Practically  all  of  it 
came  from  a  depth  of  less*  than  30  feet.  Other  masses  of  unoxidized 
ores  have  been  taken  from  depths  of  about  100  feet.  Although  depths 
of  about  300  feet  have  been  reached  in  the  workings,  no  important 
body  of  ore  has  been  found  below  125  feet.  Several  occmrences  of 
sUckensided  ores  were  observed,  and  in  some  places  the  ore  contains 
small  veinlets  of  calcite. 

The  imoxidized  ore  is  chalcopyrite,  with  which  are  associated 
pyrite,  pyrrhotite,  and  subordinate  amounts  of  quartz  and  calcite. 
In  the  low-grade  ores  pyrite  and  pyrrhotite  are  the  most  abundant 
minerals.  In  addition  to  the  copper  content  the  ores  carry  some 
gold  and  silver. 

The  oxidized  ores  are  malachite,  aziuite,  cuprite,  tenorite  (?),  and 
chrysocoUa.     Of  these  the  black  ores  containing  tenorite  or  chalcocite 

»  U.  8.  Geol.  Survey  Bull.  380,  p.  70, 1909. 
'     18014°— Bull.  546—14 6 
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are  most  abundant.  Several  thousand  tons  of  oxidized  ore  has  been 
mined.  The  average  content  in  copper  was  more  than  10  per  cent. 
The  lower  limit  of  the  oxidized  ores  is  usually  less  than  90  feet 
from  the  surface,  but  some  have  been  foimd  at  greater  depths.  In 
a  small  opening  about  105  feet  below  the  surface  black  oxide  and 
small  amoimts  of  native  copper  were  observed.  The  zone  of  oxida- 
tion is  invariably  deeper  where  the  rocks  have  been  serpentinized 
than  where  the  country  rocks  are  fairly  fresh. 

These  ore  bodies  are  apparently  the  result  of  precipitation  from 
mineral-bearing  solutions  which  entered  the  rocks  after  they  had 
been  fractured  and  fissured  by  earth  movements.  Whether  these 
solutions  were  set  free  from  cooling  magmas  as  they  soUdified  to  form 
igneous  rocks  or  whether  th^y  were  of  meteoric  origin  it  is  impossible 
to  determine.  Although  dikes  cutting  the  peridotite  and  gabbro 
were  not  observed  in  the  vicmity  of  the  mine,  their  presence  in  other 
areas  of  these  rocks  would  suggest  that  the  solutions  may  have  been 
associated  with  the  magmas  from  which  the  dikes  were  formed.  In 
places  in  the  serpentine  below  the  zone  of  oxidation  chalcopyrite 
with  slickensided  surfaces  has  frequently  been  found.  The  chalcopy- 
rite appears  to  have  been  subjected  to  all  the  movements  which 
accompanied  the  process  of  serpen tinization.  This  indicates  that 
the  ores  are  older  than  the  serpentine. 

The  mine  is  more  than.  20  miles  from  Grants  Pass,  which  is  the 
most  accessible  point  on  the  railway.  The  only  means  of  transporta- 
tion between  Grants  Pass  and  the  mine  is  by  wagon,  consequently 
the  rates  for  hauling  maclmiery,  provisions,  and  other  materials  for 
the  mine  and  coke  for  the  smelter  have  been  high.  This  fact  has  been 
xmfavorable  to  the  development  of  the  property.  The  mine  is  situ- 
ated on  the  slope  of  a  ridge.  The  smelter  is  at  the  base  of  the  slope, 
500  feet  below  the  mine  and  H  miles  from  it.  The  ores,  when  taken 
from  the  workings,  are  trammed  to  bins,  from  which  they  are  trans- 
ferred to  wagons  and  hauled  to  the  smelter. 

The  equipment  at  the  mine  consists  of  three  boilers,  an  air  com- 
pressor, a  hoist,  and  two  machine  drills.  The  mine  has  been  devel- 
oped by  tunnels,  drifts,  and  open  cuts.  The  chief  workings  are  near 
two  gossan-covered  areas  on  the  claim.  The  northern  and  more 
extensive  workings  are  near  the  north  boundary  of  the  claim;  the 
other  workings  are  about  1,200  feet  farther  south. 

The  northern  workings  consist  of  two  tunnels,  from  which  con- 
siderable drifting  has  been  done,,  and  a  large  open  pit.  The  upper  tun- 
nel, which  is  about  400  feet  long,  enters  the  west  slope  of  the  ridge 
and  runs  eastward  beneath  an  area  of  decomposed  and  brecciated 
gabbro,  in  which  are  oxidized  ores^  At  no  place  does  this  tunnel  have 
a  vertical  depth  of  more  than  90  feet  from  the  surface.  In  this 
tunnel  and  in  drifts  and  winzes  from  it  some  large  irregular-shaped 
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masses  of  chalcopyrite^  but  practically  no  oxides,  were  obtained. 
From  the  tunnel  an  upraise  was  made  to  the  oxidized  ores.  Thi^ 
upraise  was  then  used  as  a  chute.  The  oxidized  ores  were  mined  to 
the  surface  by  overhand  stoping,  passed  through  the  chute,  and 
carried  out  by  tram  through  the  tunnel.  Several  thousand  tons  of 
oxidized  ores  were  mined  in  this  way,  the  large  open  pit  thus  formed 
having  an  area  of  about  120  by  120  by  80  feet.  Where  the  tuxmels 
and  other  workings  were  in  the  serpentine,  great  care  had  to  be  taken 
in  timbering.  The  lower  tunnel  also  enters  the  west  slope  and  is 
about  190  feet  below  the  upper  tunnel.  In  it  and  in  drifts  from  it 
more  than  1,100  feet  of  work  has  been  done.  Only  a  small  amount 
of  ore  was  found  in  these  workings. 

The  southern  workings  consist  of  a  large  open  cut,  a  tunnel  which 
runs  underneath  this  cut,  and  a  106-foot  shaft.  From  the  open  cut 
about  10,000  tons  of  unoxidized  ore,  carrying  about  7  per  cent  of  copper 
"was  taken.  The  zone  of  oxidation  was  only  a  few  feet  in  depth. 
The  ores  mined  were  passed  through  a  chute  from  the  bottom  of  the 
pit  to  the  tunnel  and  then  trammed  to  the  bins.  From  the  tunnel 
and  the  shaft  only  a  small  amount  cf  profitable  ore  was  mined. 

All  the  ores  that  have  been  mined  have  been  smelted  at  the  Takilma 
smelter,  which  is  under  the  same  ownership  as  the  mine.  The  smelter 
is  of  the  pyritic  matte  type  and  has  a  capacity  of  100  tons  a  day. 
The  charge  used  was  about  1,500  pounds  of  ore,  350  pounds  of  lime- 
stone, and  200  pounds  of  coke.  The  limestone  used  had  to  be  hauled 
about  2  miles.  The  matte  from  the  ores  smelted  in  1907  contained 
about  40  per  cent  of  copper. 

The  Queen  of  Bronze  property  was  acquired  in  1903  by  the  present 
(1910)  owner.  Only  a  small  amount  of  development  had  been  done 
on  the  property  previous  to  its  acquisition.  In  all,  about  30  claims  are 
owned  by  the  company.  Including  the  cost  of  the  smelter,  more  than 
$150,000  has  been  spent  on  the  properties.  Mr.  Tutt,  the  president 
of  the  Takilma  Smelting  Co.,  stated  that  more  than  20,000  tons  of 
ore  had  been  smelted  and  that  the  average  copper  content  had  been 
about  8 J  per  cent.  The  gold  content  of  the  ores  has  been  worth 
more  than  $3  a  ton,  the  silver  content  about  17  cents  a  ton.  Ore  was 
first  smelted  from  this  property  in  1904.  The  greatest  production 
was  in  1907. 

OTHER  COPPER  PROSPECTS  Df  THE  WALDO  BEGIOIT. 

As  already  stated,  there  are  several  small. mines  adjacent  to  the 
Queen  of  Bronze  mine.  Considerable  development  has  been  done  on 
these  properties,  and  from  three  of  them — the  Cow  Boy,  the  Lyttle, 
and  the  Mabel — about  4,000  tons  of  ore  had  been  smelted  before  I 
visited  the  region.  The  character  of  the  ores,  their  modes  of  occur- 
rence, and  their  associations  are  similar  to  those  of  the  Queen  of 
Bronze  mine. 
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Some  distance  northeast  of  the  Queen  of  Bronze  mine  is  a  prospect 
on  which  considerable  work  has  been  done  and  some  good  ore  has  been 
found. 

The  Elder  Mining  &  Smelting  Co.  has  recently  been  active  in  that 
region,  producing  copper  in  1912,  when  some  raw  ore  was  shipped  to 
Kennett  for  smelting. 

REYNOLDS  MINE  (115). 

A  prospect  near  Rough  and  Ready  Creek,  about  12  miles  northwest 
of  Waldo,  with  850  feet  of  tunnels,  lies  in  the  midst  of  the  great 
serpentine  area  and  has  attracted  the  attention  of  prospectors  for 
copper.  I  was  nnable  to  visit  the  prospect,  but  Mr.  Reynolds  kindly 
sent  me  at  my  request  a  series  of  samples  to  illustrate  the  ores  of  his 
prospect.  The  material  is  much  altered  and  weathered  serpentine, 
stained  green  by  carbonate  of  copper,  together  with  deUcate  pinkish 
or  bluish  gray  tints,  suggesting  the  presence  of  cobalt.  Some  pyrrho- 
tite  seems  to  be  present,  but  it  is  evident  that  the  samples  are  so 
altered  that  they  afford  an  unreliable  basis  for  judging  the  ores. 
Both  nickel  and  cobalt  have  been  reported  in  these  ores.  Tests  by 
Chase  Palmer  in  the  chemical  laboratory  of  the  Geological  Survey 
showed  the  presence  of  0.29  per  cent  nickel,  but  no  cobalt  was  found. 

CHETCO  COPPER  CO.  MINE  (101). 

The  same  serpentine  belt  with  which  the  copper  deposits  are 
associated  on  Fall  and  Rancherie  creeks  extends  southwest  by  the 
head  of  Canyon  Creek  to  Chetco  River,  where  a  number  of  similar 
deposits  occur  and  have  been  prospected,  by  the  Chetco  Copper  Co. 
and  others,  by  tunnels  aggregating  more  than  250  feet.  The  ore 
appears  to  bo  mainly  chalcopyrito,  but  Dixon's  prospect  has  furnished 
some  native  copper  and  some  remarkably  beautiful  specimens  of  the 
bright  red  oxide  of  copper,  cuprite,  in  minute  cubic  crystals.  A 
small  amount  of  ore  is  said  to  have  been  shipped  from  this  locality. 

TTNITED   COPPER-QOLD  MINES  CO.  MINE.  (78). 

The  United  Copper-Gold  Mines  Co.  has  a  small  inoperative  mine 
and  furnace  on  Fall  Creek,  half  a  mile  above  its  junction  with  Illinois 
River,  at  an  elevation  of  about  1 ,400  feet  above  the  sea.  The  copper 
ore  of  this  locality  attracted  attention  many  years  ago,  and  early  in 
the  sixties  of  the  last  century  a  Uttle  furnace  was  erected  at  the 
mouth  of  Rancherie  Creek  to  smelt  local  ores.  The  product  was 
packed  about  30  mile^  across  the  mountains  to  the  coast.  Another 
small  furnace  was  built  on  Fall  Creek  in  1 894.  Both  attempts  failed, 
but  about  1899  several  hundred  tons  of  ore  was  packed  out  to  Selma, 
hauled  thence  to  Grants  Pass,  and  shipped  to  Tacoma,  whore  it  is 
said  to  have  been  smelted  at  a  profit.  No  large  ore  bodies  were 
found  and  operations  ceased  several  years  ago. 
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The  country  rocks  of  the  deposit  are  greenstone  and  serpentine, 
rhe  greenstone  is  an  ancient  volcanic  mass,  a  mixture  of  lava  flows 
ind  tuffs  of  Mesozoic  age  that  are  greatly  altered.  Its  f ragmen tal 
sharacter,  though  not  a  prominent  feature,  may  be  clearly  seen  on 
*}oee  examination  of  the  clean  exposure  near  the  mouth  of  Fall  Creek, 
inhere  the  rock  is  made  up  of  many  lapilli.  The  serpentine  is  an 
Jtered  saxonite,  evidently  of  later  eruption  than  the  greenstone 
inth  which  it  is  in  contact. 

The  mine  is  developed  by  two  tunnels  connected  by  a  bridge 
kcross  Fall  Creek.  The  one  on  the  east  side  is  400  feet  in  length  and 
iiat  on  the  west  side  about  125  feet.  At  the  mouth  of  the  latter 
liere  is  a  winze,  from  which  most  of  the  ore  was  obtained. 

The  ore  minerals  are  chalcopyrite  and  pyrrhotite,  generaUy  more 
)r  less  intermingled,  and  either  may  be  most  abundant.  Malachite 
s  rare.  In  some  places  the  pjrrrhotite  appears  as  small  streaks  in 
ilie  chalcopyrite.  The  ore  bodies  removed  were  in  the  serpentine 
lear  its  contact  with  (he  greenstone.  It  is  possible  that  some  ore 
)ccurred  in  the  greenstone,  but  the  greater  portion,  if  not  all  of  it, 
ippears  to  belong  to  the  serpentine.  The  ore  bodies  were  com- 
>aratively  small  and  were  in  irregular  bunches,  not  in  distinct  veins, 
rhe  pyrrhotite  was  tested  for  nickel  by  R.  C.  Wells  in  the  chemical 
aboratory  of  the  Geological  Survey.  A  mere  trace  of  nickel  was 
'ound,  possibly  0.001  per  cent. 

CALTTKET  MINE  (77). 

Bodies  of  pyrrhotite  and  chalcopyrite  reported  to  contain  gold, 
ike  those  in  the  mine  previously-  described,  occur  on  the  border  of 
^e  same  mass  of  serpentine  on  Illinois  River,  near  the  mouth  of  Fall 
>eek  and  a  short  distance  farther  west  along  the  slopes  of  Rancherie 
I!reek  in  the  Calumet  mine.  As  far  as  seen,  and  they  are  fairly  well 
exposed  in  the  banks  of  the  streams  and  in  the  open  cuts  and  tunnels 
)f  the  mine,  the  ore  bodies  are  small  and  though  near  the  contact  of 
jerpeptine  and  greenstone  are  generally  in  the  greenstone.  The 
greenstone  is  tuffaceous,  and  at  several  points  near  the  contact, 
)speciaUy  on  the  spur  between  the  forks  of  Rancherie  Creek,  it 
x>ntains  traces  of  oolitic  limestone. 

There  can  be  no  doubt  concerning  the  presence  of  copper  and  iron 
n  the  chalcopyrite  and  pyrrhotite,  but  the  presence  of  nickel  is 
dways  an  important  question.  Two  specimens  of  pyrrhotite  were 
nested  by  R.  C.  Wells,  but  no  nickel  was  found. 

The  chief  attraction  of  the  Calumet  mine  is  its  gold  quartz,  which 
s  discussed  more  fully  in  connection  with  the  mines  of  that  metal, 
)n  pages  63-64. 

COLLIER  CREEK  PROSPECT. 

The  copper  ore  on  Collier  Creek,  exploited  for  a  number  of  years, 
s  said  to  occur  hke  that  of  Fall  Creek,  in  bunches  in  serpentine.    The 
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specimens  from  Collier  Creek  I  have  seen  at  various  places  were 
chiefly  cuprite,  the  bright  red  oxide  of  copper,  and  suggest  the 
existence  of  a  considerable  body  of  oxidized  ore. 

THOMPSOH  ICIHB. 

Mention  should  be  made  of  the  copper  ore  that  has  been  found  in 
a  mineralized  belt  nearly  25  miles  to  the  northeast  in  the  vicinity  of 
Mount  BoHvar,  the  most  prominent  peak  in  the  greenstone  belt  that 
is  shown  near  the  northwest  comer  of  the  map.  The  greenstone  of 
this  belt  is  impregnated  at  a  number  of  places  by  pyrite,  chalco- 
pyrite,  and  bomite,  and  contains  numerous  veins  of  quartz  and  calcite. 
The  most  important  copper  prospect  noted  in  this  region  is  on  the 
west  fork  of  Cow  Creek  at  the  locality  known  as  the  Thompson  mine. 
It  has  been  exploited  by  several  tunnels  and  inclines  and  yielded  at 
least  60  tons  of  ore,  chiefly  chalcopyrite  and  bomite.  The  works 
were  closed  at  the  time  of  my  examination,  but  the  occurrence  of  so 
much  ore  on  the  dumps  apparently  shows  the  existence  of  ore  bodies 
of  considerable  size.  This  prospect,  although  only  17  miles  from 
the  main  line  of  the  Southern  Pacific  Railroad  at  West  Fork  and  all 
down  grade,  is  reached  by  trail  only.  Numerous  prospects  have 
been  opened  in  this  mineralized  belt  between  Mount  Bolivar  and 
Rogue  River,  but  none  of  greater  promise  than  that  already  noted 
has  yet  been  found. 

GREEir  MOUNTAnr  COPPER  PROSPECT. 

Northeast  of  Galice  the  Green  Mountain  Copper  Co.  has  recently 
opened  up  a  suggestive  mass  of  pyritic  ore  at  an  elevation  of  3,900 
feet  on  the  northwest  slope  of  Green  Mountain,  15  miles  east  of  Glen- 
dale  and  about  a  mile  from  the  country  road.  The  company  controls 
330  acres  of  land,  part  of  which  is  patented. 

The  country  rock  is  typical  greenstone  that  has  been  greatly 
sheared  and  altered  but  still  preserves  its  original  structure  and 
composition  sufficiently  to  show  its  diabasic  character.  The  green- 
stone belt,  nearly  a  mile  wide  over  the  summit  of  Green  Mountain, 
hes  between  belts  of  slates  and  other  sedimentary  rocks  and  is  cut 
off  a  short  distance  to  the  south  by  serpentine,  whose  intrusion  has 
influenced  the  mineralization  of  the  region. 

The  ore  impregnates  the  greenstone  and  forms  lenses.  It  is  usually 
incased  in  deep-green  chloritic  material. 

The  important  copper  mineral  is  chalcopyrite,  which  is  inter- 
mingled with  a  large  proportion  of  pyrrhotite  and  pyrite.  The 
range  of  color  from  bronze  to  brass-yellow  suggests  the  presence  of 
cubanite,  but  the  ore  tested  that  was  free  from  chalcopyrite  gave  no 
trace  of  copper. 

The  outcrop  hes  in  the  upper  drainage  of  Starveout  Creek,  whose 
placers  have  been  remarkably  productive.     At  the  time  of  my  visit 
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CSept.  6,  1911)  the  irregular  incline,  about  40  feet  in  length,  exposed 
a  body  of  ore  2^  to  3  feet  in  thickness,  where  it  disappears  beneath  the 
incline.  A  tunnel  is  now  being  run  in  the  hope  of  finding  this  ore 
body  at  a  depth  of  200  feet  below  its  outcrop  in  the  inchne.  The 
tunnel  is  already  40  feet  in  and  several  hundred  feet  have  yet  to  be 
driven.  The  Pacific  Outlook,  of  December  28,  1911,  reported  that 
the  tunnel  was  in  140  feet  and  that  a  2-stamp  mill  had  just  been 
completed. 

OOPFXK  PK08PECTS  OF  THE  RZDDLXS  QUAD&AVGLK. 

The  copper  prospects  of  the  Riddles  quadrangle  have  attracted 
attention  for  a  number  of  years.  In  1907  Prof.  G.  F.  Kay  examined 
the  prospects  known  as  the  Joseph  Ball  mine  and  the  Oak  mine.  He 
describes  them  as  follows:  ^ 

The  Joseph  Ball  mine  is  situated  in  the  NW.  J  sec.  36,  T.  32  S.,  R.  4  W.,  which  is 
on  the  southwest  slope  of  Cedar  Springs  Mountain.  The  elevation  at  the  mine  is 
about  4,250  feet.  Some  ore  has  been  carried  by  pack  train  to  Glendale,  on  the 
Southern  Pacific  Railroad,  a  distance  of  more  than  20  miles.  The  country  rock  is 
serpentine,  which  has  been  greatly  fractured  and  sheared,  and  locally,  where  it  has 
been  decomposed,  magnesite  with  some  strontianite  is  present.  The  ores  consist  of 
native  copper,  copper  glance,  cuprite,  aiid  the  copper  carbonates.  They  are  in  a 
famlted  zone  in  the  serpentine,  which  shows  numerous  slickensided  surfaces  on  which 
are  vertical  stride.  Within  the  workings  the  faulted  zone  varies  in  direction  and  the 
plane  of  shearing  is  very  irregular.  On  this  plane  have  been  found  flat  pieces  of 
native  copper  as  laige  as  the  hand;  the  copper  glance  and  cuprite  have  also  been 
found  on  this  plane  as  nodular  masses  and  as  scattered  fragments.  The  workings 
consist  of  an  upper  tunnel  of  150  feet  along  the  fault  zone  and  a  lower  tunnel  of  145 
feet  from  which  there  is  an  upraise  of  60  feet  to  the  upper  tunnel.  At  the  time  the 
mine  was  examined  the  company  was  preparing  to  sink,  from  the  lower  timnel,  a 
shaft  on  the  fault  plane. 

The  Oak  mine,  in  the  SW.  J  sec.  4,  T.  35  S.,  R.  5  W.,  was  located  in  1905.  It  is 
owned  by  the  Oak  Consolidated  Mining  &  Milling  Co.  Copper  was  found  on  this 
property  while  a  gold-quartz  vein  was  being  developed.  A  tunnel  was  being  run  to 
crosscut  some  quartz  stringeTs  in  a  fractured  zone,  when  copper  pyrites  were  found. 
The  mineral  occurs  as  small  irregular  masses  in  a  fractured  and  chloritized  green- 
stone. During  the  summer  of  1907  the  company  was  installing  an  air  compressor, 
hoists,  and  machine  drills,  and  plans  were  being  made  to  prospect  the  property 
thoroughly. 

Some  prospects  of  copper  occur  in  greenstone  near  Glendale,  and  A.  D.  Leroy,  of 
Merlin,  has  done  some  work  on  a  quartz  vein  carrying  copper  in  the  N.  J  sec.  8,  T.  35 
S.,  R.  6  W. 

The  Rowley  copper  prospect  is  situated  about  10  miles  northeast 
of  Green  Mountain,  in  essentially  the  same  belt,  on  Drew  Creek,  8 
mifes  from  Drew  and  1 5  miles  by  wagon  road  to  Trail.  The  property 
consists  of  10  claims,  covering,  it  is  said,  two  veins  about  500  feet 
apart.  The  country  rock  is  reported  to  be  slates  and  diorite,  but 
the  ore  samples  show  traces  of  mica  schist,  such  as  results  in  many 
places  from  the  contact  metamorphism  adjoining  the  borders  of 

I  U.  S.  Qeol.  Survey  Bull.  340,  p.  152, 1906. 
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granodiorite,  and  suggests  the  presence  of  such  a  contact  in  that 
region,  for  along  the  eastern  border  of  the  Riddles  quadrangle,  a  few 
miles  west  of  the  Rowley  prospect/  there  are  large  masses  of  greeen- 
stone  and  granodiorite  which  extend  to  the  northeast. 

The  ore  is  chiefly  pyrrhotite,  chalcopyrite,  and  chrysocoUa,  with 
some  malachite  and  a  larger  proportion  of  gangue  quartz.  The  ore 
is  said  to  occur  in  streaks  10  to  30  feet  wide/  rxmning  3  to  4  per  cent 
copper  and  $2  to  $3  in  gold,  with  as  much  sUver.  There  are  a  num- 
ber of  open  cuts  and  shallow  shafts  and  about  180  feet  of  timnels. 

In  1912  the  mine  production  of  copper  in  Oregon  was  260,429 
pounds,  valued  at  $42,971,  an  increase  over  the  production  of  1911 
of  167,293  pounds  in  quantity  and  of  $31,329  in  value.  Of  the 
copper  produced  in  Oregon  in  1912,  that  from  Josephine  County  was 
valued  at  $41,973  and  that  from  Lane  Coimty  at  $841. 

No  lead  was  produced  in  Oregon  in  1911,  but  in  1912  two  mines, 
one  in  Jackson  Coimty  and  one  in  Lane  Coimty,  yielded  39,317 
pounds,  valued  at  $1,766. 

PLACER  MINES. 
AT7BIFEBOTJS  GRAVELS  (CONGLOMEBATES)  OF  GEETAOEOTJ8  AGS. 

GENERAL  CHABAOTEB. 

Besides  the  stream  gravels  of  fluviatile  origin  referred  to  under  the 
description  of  the  three  cycles  of  erosion  (p.  13)  there  are  in  south- 
west Oregon,  as  well  as  in  northwest  CaUfomia,  a  number  of  im- 
portant deposits  of  older  gravels,  now  conglomerates,  Cretaceous  in 
age  and  of  marine  origin. 

These  auriferous  conglomerates  in  California  were  first  described 
by  R.  L.  Dunn  ^  and  later  by  H.  W.  Turner,^  who  recognized  their 
marine  origin.  They  are  shore  deposits  about  a  Cretaceous  island, 
the  Siskiyou  Island  of  Condon,^  whose  approximate  outline  when  the 
beach  gravels,  now  conglomerate,  were  formed  is  shown  in  figure  9. 

During  the  Cretaceous  period  the  island  gradually  subsided  until  it 
was  almost  if  not  completely  covered  by  the  sea.  Among  the  later 
as  well  as  the  younger  gravels  of  Trinity  River  above  Weaverville 
are  found  pebbles  of  fossiliferous  Cretaceous  sediments  which  evi- 
dently came  from  the  high  mountains  about  the  river^s  head,  affording 
positive  evidence  of  Cretaceous  submergence. 

This  Cretaceous  cover,  now  almost  completely  washed  away,  was 
derived  from  the  auriferous  slate  bedrock  series  of  the  Klamath 
Mountains  and  probably  contained  gold  at  many  locahtios.     By  its 

1  Dunn,  R.  L.,  California  State  Mineralogist  Twelfth  Rept.,  pp.  459-471, 1894. 

«  Turaer,  H.  W.,  Eng.  and  Min.  Jour.,  vol.  76,  pp.  653-054, 1903. 

«  Condon,  Thomas,  The  two  islands  and  what  came  of  them,  1902.  Revised  and  enlarged  by  Ellen 
Condon  McCornack  in  1910  as  "  Oregon  geology."  See  also  Watson,  C.  B.,  Prehistoric  Siskiyou  Island  and 
Marble  halls  of  Oregon. 
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disintegration  and  erosion  the  gold  was  liberated  and  concentrated 
in  later  gravels.  This  concentration  appears  particularly  marked 
along  the  old  coast  line.  The  rich  placers  (in£cated  by  X )  along 
this  old  coast,  line  both  southwest  and  northeast  of  Redding,  Cal.,  as 
well  as  in  the  neighborhood  of  Yreka  and  in  the  Cottonwood  mining 
distoict  near  the  Oregon  line,  probably  owe  much  of  their  richness  to 


the  auriferous  basal  conglomerate  of  the  Cretaceous.  In  Oregon  mines 
apparently  thus  eiu-iched  are  located  near  Ashland,  on  the  head  of 
Graves  Creek,  to  a  small  extent  in  the  CanyonviUe  region,  and  more 
especially  in  the  neighborhood  of  Waldo. 

COTTONWOOD  DISTRICT,    CALIFOBNIA, 

This  locality  early  attracted  attention,  and  in  the  literature  already 
referred  to  has  been  more  fully  described  than  any  other  occurrence 
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seamed  in  an  intricate  manner  by  secondary  silica,  which  is  usually 
white  and  more  or  less  crystalline,  though  stained  in  many  places 
with  iron  oxide.  Along  the  ridge  crest  these  pre-Cretaceous  rocks 
cont9,in  some  small  veins  and  stringers  of  quartz,  more  or  less  filled 
with  pyrite  and  containing  a  Uttlo  gold  and  other  metals  or  their 
compoimds.  In  many  places  prospecting  has  been  done  along  the 
ridge  and  some  small  auriferous  veins  have  been  foimd,  though  none 
of  sufficient  size  and  value  to  warrant  mining.  Formerly  these  rockB 
were  classed  indiscriminately  as  belonging  to  the  ''auriferous  slate 
series,"  and  obviously  they  are  to  a  small  extent  auriferous  and  have 
been  the  soiu-ce  of  the  gold  and  other  metalliferous  compounds  found 
in  mining.  Presumably  all  the  gold  in  the  various  deposits  herein 
described  was  derived  from  the  veins,  seams,  or  pockets  that  existed 
in  the  eroded  portions  of  these  rocks. 

Cretaceous  rocks  surround  the  northern  end  of  the  ridge  and  cover 
all  of  its  lower  flanks.  In  the  placer  workings  on  the  eastern  slope 
of  the  ridge  only  Cretaceous  rocks  have  been  uncovered  and  the 
bedrock  is  composed  of  clay  shales  and  sandstones,  whereas  on  the 
opposite  side  shales,  sandstones,  and  conglomerates  of  Cretaceous  age 
are  exposed  and  below  them  the  older  complex  mentioned  above. 

The  conglomerates  are  generally  very  coarse,  as  shown  in  Plate  VII, 
and  are  composed  of  rocks  found  in  the  underlying  complex.  Many 
of  the  bowlders  and  pebbles  are  only  slightly  rounded  or  subangular, 
and  when  exposed  to  the  weather  they  readily  separate  and  fall  to 
pieces,  the  sandy  matrix  crumbling  to  sand  and  clay.  The  shales  are 
yellowish  concretionary  clay  shales  that  quickly  pass  into  clay  when 
exposed  to  the  weather.  They  arc  thinly  stratified  and  generally 
unfossUiferous. 

A  tliin  layer  of  very  fossiliferous  sandst-one  is  present  above  the 
shales  in  many  places  in  the  old  placers  on  the  northwest  slope  of 
the  ridge.  This  is  the  locality  from  wliich  many  of  the  Cretaceous 
fossils  were  obtained  that  were  described  or  listed  in  Anderson's 
paper  on  the  Cretaceous  deposits  of  the  Pacific  coast.^  Both  the 
concretions  and  sandy  layers  connected  vdth.  the  shales  carry  the 
fossils  found  in  these  beds. 

Post-Cretaceous  erosion  has  brok(Mi  up  the  sandstone  into  blocks 
and  irregular  bowldei-s,  wliich  are  left  in  some  confusion,  though  a 
little  search  readily  reveals  their  place  of  origin.  As  the  position  of 
the  mines  is  along  the  extreme  edge  of  the  Cretaceous,  naturally  the 
thickness  of  these  beds  is  variable  in  the  vicinity  of  the  old  workings. 

On  the  northern  side  of  the  ridge  the  conglomerates  are  locally  from 
15  to  35  feet  thick,  and  the  shales  do  not  exceed  a  few  hundred  feet. 
Both  conglomerates  and  shales  thin  out  toward  their  borders  to  a 

1  Anderaon,  F.  M.,  Cretaceous  deposits  of  the  Puciflc  coast:  Culifbrnia  Acad.  Sci.  Proc.,  3d  ser.,  vol.  2, 
No.  1, 1902. 
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thickness  of  only  a  few  feet.  Their  thickness  in  the  opposite  direction 
can  not  be  readily  told  from  the  exposiu'es. 

The  Cretaceous  conglomerates  of  this  locality  have  long  been 
known  to  carry  gold,  and  in  the  past  have  been  mined  as  a  part  of 
the  auriferous  deposits.  Excavations  made  into  the  conglomerate 
by  hydraulic  mining  since  1895  are  shown  in  Plate  VII. 

The  quantity  of  gold  contained  in  these  conglomerates  was  not 
very  great,  probably  not  exceeding  60  cents  a  cubic  yard,  but  as  the 
conglomerate  was  not  very  hard,  and  also  tended  to  disintegrate  on 
exposiu'e,  the  surface  uncovered  each  year  could  always  be  mined 
economically  during  the  following  season,  and  this  was  done  in  con- 
nection with  other  mining. 

No  other  method  of  working  than  ordinary  hydraulic  mining  was 
ever  attempted  on  these  conglomerates,  as  they  were  not  considered 
rich  enough  to  warrant  crushing  by  stamp  miUs. 

The  extent  of  the  deposits  that  are  rich  enough  to  be  mined  eco- 
nomically by  any  process  is  unknown  and  may  in  fact  be  confined 
to  the  prc-Cretaceous  drainage  lines  of  this  vicinity.  Very  probably 
these  auriferous  conglomerates  have  contributed  to  the  enrichment 
of  the  overlying  alluvial  gravels  under  the  conditions  of  their  forma- 
tion. No  doubt  if  large  areas  of  this  conglomerate  were  uncovered 
and  exposed  to  the  weather  its  natural  disintegration  would  render 
it  minable  to  some  extent,  or  if  they  were  sufficiently  explored  it  is 
not  unlikely  that  some  portions  would  be  found  rich  enough  to  be 
reduced  profitably  by  improved  methods. 

The  practical  abandonment  of  the  Forty-Nine  mines  was  partly 
due  to  objections  raised  as  to  the  disposition  of  thedfibris,  and  partly 
on  account  of  the  increased  value  of  the  water  for  other  purposes 
than  mining. 

CRETACEOUS   CONGLOMERATE   OP  WALDO. 
GENERAL  CHA&ACTSK. 

Nearly  4  miles  north  of  Waldo,  on  the  drainage  ditch  from  the 
Logan  mine  to  Illinois  River,  a  series  of  fossiliferous  sandstones  and 
conglomerates  of  Cretaceous  age  are  well  exposed.  In  the  deep  cut 
tailrace  from  the  north  end  of  the  mine  these  tilted  sandstones,  with 
some  shales  and  conglomerate  (a,  fig.  11),  are  clearly  overlain  by  a 
horizontal  sheet  of  gravels  (6,  fig.  11)  which  form  the  great  alluvial 
plain  of  that  portion  of  the  valley  of  Illinois  River  and  Sucker  Creek. 

In  the  accompanying  section  across  the  Logan  mine,  figure  12, 
the  relations  of  the  basal  conglomerate  of  the  Cretaceous  are  clearly 
seen.  It  forms,  at  least  in  part,  the  bedrock  of  the  mine  in  which 
the  overlying  new  gravels  of  the  third  cycle  have  been  worked.  The 
somewhat  rotten  reddish  conglomerate  is  composed  chiefly  of  well- 
rounded  greenstone  j)ebbles  and  bowlders,   with  some  of  granitic 
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FiGXTRS  12.— Cross  section  of  Logan  mine,  3^  miles  north  of 
Waldo,  a,  Cretaceous  sandstone,  fossiliferous;  h,  basai  Cr»- 
taoeoos  conglomerate  (auriferoos);  e,  serpentine;  d,  later 
aorileroas  graveto  forming  valley  plain. 


rocks.    It  is  nearly  100  feet  thick  and  dips  35®  W.  conformably 
beneath    fossiliferous    Cretaceous    sandstones,    so    that  its    age  is 

evident. 

The  same  soft  conglomerate  lies  at  the 
bottom  of  the  new  portion  of  the  Logan 
mine,  only  about  a  mile  north  of  Waldo, 
and  also  of  the  Deep  GraTel  mine,  nearly 

FiouBBlL—SflCtionoftaOraoeofLogan  .,  ,,  x     *  tw  u       v    x     ixi.       li- 

mine. a,Ci»taoeoa8sandstones,shale,     »  DMI©  northwest  of  Waldo,  but  althou^ 

and  conglomerate;  6,  gravels  of  third     \\^q    gold    is    f  OUnd    in    all     three    mines 

cvde  of  ^rpff*o*ii  i*/i*  i  i*  11 

chiefly  m  the  oTerlying  much  later 
gravels,  it  is  said  that  in  each  place  some  gold  occurs  in  the  basal 
conglomerate  itself. 

From  the  Logan  and  Deep  Gravel  mines  the  basal  Cretaceous 
conglomerate  rises  to  the  south.  In  the  immediate  vicinity  of 
Waldo  it  has  been  washed 
away,  but  a  mass  of  it  still 
clings  on  the  crest  of  the 
spur  nearly  a  mile  south 
of  Waldo,  at  the  Osgood 
mine,  generally  known  as 
the  High  Gravel  mine. 

As  the  gravel  at  the  High  Gravel  mine  is  wholly  Cretaceous,  the 
mine  will  be  described  in  this  place,  but  the  Logan  and  Deep  Gravel 
mines  will  be  described  under  the  gravels  of  the  third  cycle.  (See 
pp.  119-120.) 

HIOE  GRAVEL  (OSGOOD)  XINE.i 

The  High  Gravel  mine  is  about  1  mile  south  of  Waldo,  on  a  ridge,  which  forms  the 
divide  between  the  cast  and  west  forks  of  Illinois  River.  The  summit  of  the  ridge 
is  about  1  mile  from  the  east  fork  and  is  more  than  300  feet  above  it.  The  chief  work- 
ings are  at  the  head  of  Allen  Gulch,  on  the  east  slope  of  the  ridge.  The  most  recent 
workings,  however,  are  on  the  west  slope  of  the  ridge.  Of  the  summit  of  the  ridge  a 
width  of  only  about  100  feet  remains  to  be  mined.    *    *    * 

The  deposits  mined  on  the  west  slope  run  parallel  to  the  ridge.  They  are  more 
than  one-eighth  of  a  mile  in  length  and  have  an  average  width  of  about  100  feet.  The 
conglomerates  do  not  extend  down  the  slope,  but  constitute  only  a  remnant,  which 
here  has  escaped  erosion,  as  is  true  of  other  areas  of  conglomerate  in  the  region.  No 
conglomerate  remains  on  the  summit  of  the  ridge  a  short  distance  to  the  north  of  the 
present  mine  pit.  The  surfaces  on  which  the  conglomerates  were  laid  down  were 
uneven,  and  hence  the  thicknesses  of  the  conglomerates  vary.  The  maximum  thick- 
ness exposed  is  more  than  60  feet.  The  conglomerates  have  a  purj)liflh  tint.  They 
are  not  strongly  cemented,  and  the  bowlders  are  rather  uniformly  distributed  throughout 
the  section.  Much  of  the  material  is  less  than  1  foot  in  diameter;  a  few  bowlders  are 
more  than  3  feet.  Distinct  joints  are  present  in  the  conglomerates,  and  a  few  small 
veinlets  occur.  The  bedrock  is  a  fractured,  fissured,  decomposed,  and  veined  green- 
stone, which,  owing  to  the  presence  of  iron  oxides,  has  a  decidedly  puri)lish  tint. 

The  workings  on  the  east  side  of  the  ridge  extend  down  Allen  Gulch  to  the  east  fork 
of  Illinois  River,  but  only  those  gravels  which  are  near  the  summit  of  the  ridge  are  of 
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Cretaceom  age.  Theee  conglomerates  extend  along  the  ridge  in  a  north-eouth  direc- 
tion. At  the  south  end  of  the  workings  they  are  more  than  50  feet  in  thickness;  at 
the  north  end  and  close  to  the  simmdt  of  the  ridge  they  are  only  a  few  feet  thick; 
and  a  little  farther  on  they  have  been  completely  eroded.  The  best  values  are  said 
to  be  near  the  bedrock,  but  some  gold  is  found  higher  up  in  the  deposit. 

These  Cretaceous  conglomerates  are  shore  depocdts,  derived  from  older  rocks  simi- 
lar to  those  on  which  they  now  lie.  As  stringers  carrying  values  are  fairly  wide- 
spread in  these  old  rocks,  some  gold  is  probably  present  in  much  of  the  conglomerate 
which  has  been  derived  from  them.  But  whether  or  not  these  values  are  sufficiently 
concentrated,  as  at  the  High  Gravel  mine,  to  be  profitably  mined  can  be  determined 
only  by  prospecting. 

AXJBIFEBOTJS    QBAVELS    OF   THE   FEBST   OYOLB    OF   BBOSIOlf 

(KLAMATH  PENEPLAIN). 

Age  of  {he  KlamcUh  peneplain, — ^Tho  attitude  of  the  auriferous  con- 
glomerate and  sandstones  along  the  shore  line  of  the  Cretaceous  island 
is  such  that  for  the  most  part  they  dip  away  from  the  shore  line,  gen- 
erally at  a  small  angle  but  in  some  places  at  an  angle  as  great  as  45^, 
indicating  that  there  has  been  an  important  but  irregular  differential 
uplift  within  the  Klamath  Mountains  since  the  deposition  of  the 
auriferous  Cretaceous  conglomerate.  This  deformation,  taken  in  con- 
nection with  the  lack  of  definite  association  between  the  auriferous 
conglomerate  and  the  Klamath  peneplain,  is  evidence  that  the  Kla- 
math peneplain,  although  in  coiu^e  of  development,  was  not  com- 
pleted during  the  Cretaceous,  but  during  a  later  epoch. 

The  Eocene  strata  at  the  north  border  of  the  Klamath  Moimtains 
are  almost  wholly  shales  and  sandstones,  such  as  aro  derived  from 
the  residual  mantle  of  a  land  with  gentle  slopes.  The  succession  of 
coal  beds  with  alternating  fresh-water  and  marine  shells  through  a 
great  thickness  of  Eocene  strata  is  proof  not  only  of  a  gentle  oscilla- 
tion of  the  land,  but  also  of  a  predominant  gradual  subsidence  of  the 
land  during  the  Eocene  and  transgression  of  the  sea  over  the  low- 
lands. These  lowlands  overlapped  by  the  sea  were  largely  devel- 
oped during  the  Eocene,  and  the  plain  probably  reached  its  greatest 
development  during  the  later  portion  of  the  Eocene  or  early  Miocene, 
when  the  Klamath  Mountains  were  wholly  a  land  area  eroded  to  low 
relief  near  sea  level,  practically  a  peneplain,  and  the  auriferous  gravel 
was  accumulated  in  the  channels  of  the  first  cycle. 

Situation  of  the  gravel  beds, — ^Two  masses  of  more  or  less  auriferous 
ancient  stream  gravels  lie  practically  in  the  Klamath  peneplain  and 
apparently  belong,  without  question,  to  the  first  cycle — ^that  is,  the 
Klamath  peneplain  cycle."  These  masses  are  comparatively  small 
and  lie  at  an  altitude  of  4,000  feet.  They  are  only  7  miles  apart  and 
occur  northwest  to  north-northwest  of  Kerby,  the  one  on  the  south- 
em  limb  of  Gold  Basin  and  the  other  just  east  of  York  Butte.  (See 
PL  VIII.)  In  both  places  the  course  of  the  depositing  stream  was 
northwest  approximately  parallel  to  Illinois  River. 
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Gravels  of  Gold  Basin, — ^About  the  head  of  Tin  Cup  Creek,  15  miles 
northwest  of  Kerby,  there  is  a  V-shaped  remnant  of  the  Klamath 
peneplain  known  as  Gold  Basin  on  a  large  mass  of  granodiorite.  The 
apex  of  the  V  points  east,  and  across  its  southern  arm  is  a  broad,  shal- 
low vaUey  fiUed  by  an  old  stream  bed  running  approximately  N.  20® 
W.  The  surface  plain  of  the  stream  bed  is  more  than  1,000  feet  in 
width  and  2,000  feet  in  length  and  is  limited  at  both  ends  by  deep, 
rugged  canyons.  The  gravel  has  a  thickness  of  110  feet  where  best 
exposed  on  the  steep  southern  slope.  Near  the  bottom  the  gravel, 
though  somewhat  decomposed,  is  more  or  less  firmly  cemented,  and 
this  condition  extends  throughout  the  mass.  It  has  been  tunneled 
on  bedrock  for  30  feet.  The  material  is  generally  coarse,  mostly 
cobblestones  up  to  bowlders  4  J  feet  in  diameter  mixed  with  pebbles 
and  sand.  There  are  no  layers  of  sand  to  afford  definite  evidence  of 
stratification.  The  pebbles  are  well  roimded  and  are  for  the  most  part 
composed  of  basic  eruptive  rocks,  greenstone,  gabbro,  peridotite*,  and 
pjrroxenite,  with  some  of  granite.  Though  generally  greenish,  they 
are  in  places  colored  reddish  by  a  surface  deposit  of  oxide  of  iron. 
The  top  portion  of  the  deposit  is  finer,  with  some  fine  gravel  capped 
by  a  reddish  soil.  Wherever  I  saw  the  pebbles  in  place  the  course  of 
the  stream  was  not  clearly  indicated  by  their  position,  though  they 
appear  to  be  inclined  southward,  and  it  is  beUeved  that  the  stream 
came  from  that  direction.  The  gravel  was  tested  in  1875  or  1876  by 
sinking  a  shaft  (now  filled  with  water  within  20  feet  of  the  surface) 
and  found  to  contain  very  Uttle  gold.  Most  that  was  foimd  is  said  to 
have  been  in  the  fine  material  of  the  surface. 

The  only  available  water  is  snow  water,  which  is  obtainable  only 
in  small  amount  during  a  short  season.  It  is  gathered  by  a  mile  or 
more  of  ditch,  but  reaches  the  mine  'with  scarcely  15  feet  of  head,  and 
only  a  small  amount  of  gravel  was  mined  before  work  was  suspended. 

Gravel  near  YorJc  Butte. — York  Butte  is  17  miles  directly  northwest 
of  Kerby  and  nearly  7  miles  north-northeast  of  Gold  Basin.  It  lies 
at  the  river  end  of  a  prominent  flat- topped  divide  between  Silver 
Creek  and  Red  Dog,  a  branch  of  Briggs  Creek,  bu  b  is  separated  from 
the  flat  portion  of  the  divide  by  a  gap  partly  filled  with  stream 
gravel,  as  shown  in  figure  13. 

The  gravel  terrace  clinging  to  the  northeast  side  of  the  gap  has  a 
width  of  nearly  700  feet  and  a  length  of  more  than  1,200  feet  in  a 
direction  N.  20°  W.,  parallel  to  the  general  course  of  Illinois  River. 

Tlie  gravel  plain  is  ended  abruptly  by  steep  slopes  which  show  the 
gravel  to  be  about  100  feet  in  thickness.  Most  of  the  gravel  is  coarse, 
the  deposit  containing  in  some  places  many  well-rounded  to  sub- 
angular  l)owlders  up  to  3  feet  in  diameter.  The  pebbles  are  generally 
less  than  4  inches  in  diameter,  and  near  the  top  finer  material  becomes 
most  abundant. 
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The  bowlders  and  cobblestones  are  largely  greenstone,  but  on  the 
surface  quartz  pebbles  are  common.  An  uprooted  tree  exposes  much 
fine  material  containmg  particles  of  kaolin,  as  if  the  sediment  were 
derived  from  a  residual  mantle  of  a  coimtiy  of  low  relief.  In  the 
surface  exposures  as  far  as  seen  the  gravel  was  not  cemented.  No 
shafts  or  open  prospect  cuts  were  found  to  determine  how  much,  if 


sw. 
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t 

Klamath  peneplain 


FiouBK  13.— Section  showing  relatkma  of  gravel  of  York  Butte. 

any,  of  the  gravel  is  cemented.  The  mass  of  the  gravel  is  of  the  same 
character  and  age  as  that  of  Gold  Basin,  and  like  it  is  probably  more 
or  less  firmly  cemented. 

AT7BIFBBOTJS  QRAVELS  OF  THE  SECOND  CTCHliE  OF  EBOSION. 

hoeaJ^U/n,  ani  charcLcter, — ^The  gravels  of  the  second  cycle  are  more 
extensive  and  of  much  greater  economic  importance  than  those  of 
the  first  cycle.  All  the  gravels  of  the  second  cycle  thus  far  recog- 
nized appear  to  have  been  deposited  by  the  same  stream.  They- 
occur  near  Galice  Creek  and  Briggs  Creek  and  are  roughly  outlined 
on  the  map  (PI.  VIII)  for  a  distance  of  18  miles.  The  best  expo- 
sures are  in  the  Old  Channel  diggings  as  well  as  the  Eeed  and  the 
Blue  Gravel  diggings  near  Gralice,  where  hydraulic  mining  operations 
have  been  carried  on  for  many  years. 

The  two  masses  near  Briggs  Creek,  regarded  as  part  of  the  same 
deposit,  are  clearly  a  stream  valley  filling,  although  the  surface  por- 
tion is  a  firmly  cemented  conglomerate. 

The  course  of  the  stream  was  northeast  across  the  divide  between 
Briggs  Creek  and  Taylor  Creek  to  Galice  Creek,  at  a  general  altitude 
of  about  2,700  f 3et,  the  surface  sloping  toward  the  northeast  from 
very  nearly  3,400  feet  on  the  Briggs  Creek  side  to  about  1,600  feet 
at  the  Old  Channel  diggings  near  Galice.  These  gravels  are  in  gen- 
eral nearly  2,000  feet  below  the  level  of  the  Klamath  peneplain  and 
from  700  to  2,600  feet  above  the  nearest  points  of  Rogue  River  and 
Illinois  River,  between  which  they  lie.  The  valley  occupied  by  these 
gravels  is  broader,  with  gentler  lateral  slopes,  than  the  canyons  in 
which  the  master  streams.  Rogue  and  Illinois  rivers,  now  flow,  and 
it  may  be  regarded  as  belonging  to  the  second  cycle  of  erosion. 

1B014'— BqU.  640—14 1 
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Several  mining  men  of  large  experience  in  that  rfegion  report  the 
old  channel  to  extend  southwest  beyond  Briggs  Creek  to  the  neigh- 
borhood of  Waldo,  but  as  already  shown  the  old  gravels  of  the  Waldo 
region,  especially  those  in  the  Osgood  mine  and  the  basal,  false  bed- 
rock portion  of  the  Logan  and  Deep  Gravel  mines,  are  of  Cretaceous 
age  and  marine  origin  and  much  older  than  the  old-channel  gravels 
between  Illinois  and  Rogue  rivers.  The  latter  gravels  probably  rep- 
resent an  early  stage  of  Illinois  River,  which  turned  from  its  preset 
course  just  above  the  mouth  of  Sixmile  Creek  and  entered  Rogue 
River  just  below  Galice.  The  gravels  of  the  same  epoch  in  the  Kerby 
and  Waldo  region  may  occur  with  the  gravels  overlying  the  Creta- 
ceous conglomerate. 

To  the  northeast  these  old-channel  gravels  have  not  been  recog- 
nized with  certainty  beyond  GaUce,  where  the  stream  enters  Rogue 
River. 

Attention  should  be  called  to  the  fact  that  from  Galice  southwestward 
to  the  Briggs  Creek  meadows  the  bedrock  of  the  old  channel  is  black 

slate  close  to  its  contact  with 
Gravel  ^^.fc^ft^  greenstone,  a  contact  which  is 

/i"i  -'  ^ '  the  general  horizon  of  the-Big 

Yank  lode,  and  it  may  well 

s^*^  be  that  some  of  the  gold  is 

^  ..    ^  derived  from   this    horizon, 

althoufijh  it  seems  more  prob- 

FiQUBE  14.— Section  of  Old  Channel  mine  at  Home  Place.  -  ,       , ,      ^  i.     • , 

able  that  most  of  it  came 
from  the  adjacent  igneous  rocks  which  he  northwest  of  the  slates 
and  form  the  bedrock  of  the  old  channel  beyond  the  Briggs  Creek 
meadows. 

Old-channel  gravel  near  Galice  CreeTc, — The  property  of  the  Old 
Channel  Mining  Co.,  purchased  by  the  Old  Channel  IlydrauUc  Mining 
Co.,  and  lately  controlled  by  G.  E.  Sanders,  embraces  a  large  tract  on 
a  gravel  terrace  one-fourth  to  two-thirds  of  a  mile  in  width  and 
nearly  2J  miles  in  length,  parallel  to  GaUce  Creek  and  Rogue  River, 
from  Blanchard  Gulch  to  Rocky  Gulch.  The  mine  was  first  opened 
near  the  southwest  end  at  the  Home  Place,  Reed  diggings,  and  Blue 
Gravel  diggings,  but  later  at  the  northeast  end  on  Rich  Gulch,  where 
it  has  been  worked  chiefly  ever  since. 

The  main  ditch  from  Gahce  Creek  and  its  tributaries  is  said  to  sup- 
ply 5,000  miner's  inches  of  water  with  a  head  of  about  350  feet  durLog 
the  rainy  season,  but  during  the  dry  season  the  supply  drops  to  300 
miner's  inches,  and  work  ceases. 

At  the  Home  Place  the  section  shown  in  figiue  14  illustrates  the 
general  relations  of  the  gravel  to  bedrock  and  to  GaUce  Creek,  which 
occupies  the  valley  at  the  left. 
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The  gravel  terrace  about  600  foet  above  Galice  Creek  haa  an  altitude 
of  1^15  feet,  and  the  thickness  of  the  gravel  is  about  115  feet.  The 
section  shown  in  Jigure  15  is  exposed  in  the  bluff  at  the  Bide  of  the 
channel,  which  has  been  mined  for  a  width  of  about  100  yards  and  a 
length  of  nearly  a  mile.  The  bedrock  is  composed  throughout  of 
Jurassic  black  slatea  and  thin-bedded  sandstones, 
only  a  short  distance,  however,  from  the  green- 
stone contact. 

The  gravel  is  generally  without  <-ement,  but  in 
some  places  near  the  bottom  of  the  channel  it  Ih 
feebly  cranented.  The  pebbles,  especially  of  the 
beds  near  the  surface,  are  partly  or  completely 
decomposed,  being  easily  cut  with  a  knife,  but  in 
the  lower  beds  the  pebbles  are  generally  hard  and 
not  affected  by  weathering.  The  main  channel  of 
tlus  portion  of  the  mine  has  been  worked  out,  and 
tolerations  on  a  large  scale  ceased  here  some  yearx 


ago. 
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The   Rich  Gulch  portion  of  the  Old  Channel 

mine  covers  alai^earea  on  both  sides  of  the  gulch, 

and  many  acres  of  gravel  ranging  in  thickness  fn>m 

IS  to  210  feet  have  been  washed  away.  Thegravel      ^id^*,*md-V 

tnrace,  which  slopes  gently  toward  Rogue  River,      OTgi,  w  bowUtn; 

has  a  width  of  nearly  a  mUe.  '"  '^''  ""^^ 

Tlie  western  edge  of  the  gravel  plain  on  the  north  aide  of  Rich  Gulch 

near  the  Headquarters  has  an  elevation  of    about  1,500  feet.    The 

sections  of  the  gravel  in  different  parts  of  the  channel  vary  widely. 

At  one  point  on  the  western  edge  where  mined  in  the  spring  of  191 1 

the  section  shown  in  figure  16  was  observed. 

The  entire  bluff,  about  80  feet  in  height, 
exposed  coarse,  angular,  bowldery  gravel  and 
sand.  It  lies  close  to  (he  north  edge  of  Rich 
Gulch  and  appears  to  belong  to  the  deposit 
of  a  lateral  stream  rather  than  to  that  of  the 
main  chaimel. 

Several  hundred  yards  east  of  the  expo- 
sure shown  in  figure  16  a  bluff  about  ISO  feet; 
in  height  exposes  ii  section  (fig.  17)  of  the 
deposits   in  the  main  channel.     A   section 

on  the  south  side  of  Rich  Gulch  is  shown  in  figure  IS. 
Ilie  coarse  gravel  of  the  5'foot  bed  at  the  bottom  in  both  sections 

is  well  rounded  and  composed  largely  of  greenstone  with  considerable 

quartz.    Cobbleetoncs  as  largo  as  8  inches  in  diameter  are  common. 

Korth  of  Rich  Gulch  bowlders  arc  numerous,  but  on  the  south  sido 

bowlders  are  few,  and  the  gravel  is  quite  firmly  cemented.    Tliis 
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ooaise  bottom  Uyer  of  gravel  and  bowlden  is  limited  to  the  main 
jfihanTnJ  and  contdns  most  of  the  gold,  although  some  gold  is  said  to  be 
distributed  tiiroo^hout  the  great  thiokneas  of  overlying  fine  grsTd 

and  sand. 

"z-bz'  ^^  S*^*^  *^  generally  fine,  but 

^?Cr  some  of  it  is  coarse.    Hie  laigeit 

^'gs  f^        nugget  reported  weired  2}  ounoeB. 

f  A  large  body  of  available  gravel  Ues 

south  of  Rich  Oulch,  where  most  of 

?""<-  the  recent  work  has  been  cairiod  on. 

Hie  stratification  of  the  gravek 

as  far  as  observed  is  hoiixontal  and 

apparently    undisturbed,  but    the 

abrupt  changes  in  the  level  of  the 

,  bedrock  along  lines  transverse  to 

tiie  course  of  the  dd  ohannel  suggest 

faoltang. 

^  ^         ^     ,  ''J^^'^       The  bedrock  is  chiefly  slate  with 

r,  bowuv  btd  Md  Naaa  panU  A  Bome  sandstone,  but  near  the  west- 
era  border  of  the  mine  north  of 
Rich  Oulch  the  slates  ai«  cut  by  dikes,  and  both  rocks  are  affected 
by  a  small  fault  that  strikes  N.  80°  W.  and  dips  72*  SW.  The  rela- 
tion of  this  fault  to  the  gravel  could  not  be  detenzdned.  A  profile 
of  the  bedrock  in  the  main  chan- 
nel, as  shown  in  figure  19,  includes  J^l^^^x^*'*- 
two  parallel  faults,  which  are  sug- 
gested  by  the  different  bedrock 
levels  and  blufb  in  the  coarse  of 

the  main  channel.    These  faults  /')'->;.V^;?-:r:'V-'.-'«'»- 

were  not  actually  seen,  but  the 
small  fault  referred  to  above  and 
well  exposed  in  tbe  slates  proves 
the  existence  of  such  features  and 
affords  the  most  rational  e:q>lana- 
tion  of  the  facts. 

Concerning  this  matter  Mr.  J.  R. 
Harvey,  of  Grants  Pass,  who  has     F[ouMi8.-B»cUonofiiii-dinoidQ 
worked  the  Old  Channel  mine,  ,^      ^t...":it2?;.^'r-"U,»,*. 

marks  in  a  letter  dated  April  24,      oobMenuuijoai- 

1912:  """"^ 

Your  cnm  Bection  at  the  Old  Cliaiiiiel  mine  Hfaoving  Rich  Gulch  and  a  hult  t«  the 
nortbeaBt  in  the  b«drock  ia,  in  my  mind,  without  queeUon  a  fault,  as  could  e»idiy  be 
wen  when  we  wefe  workiiig  the  ground.  The  part  of  the  bedrock  marked  b  ia 
nised  30  or  40  feet  higgler  dun  its  pn^»er  place.    Thebedrockataandcisintherc^fulat 
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gnde  vitlt  tbe  bedrock  in  the  opemnge  on  the  Hone  Ilace  and  Blue  Onvel  and  the 
flat  north  of  Rocky  Gulch.  There  ia  also  a  amall  fault  a  mile  and  a  half  eouth,  near 
Blanchard  Gulch,  where  the  fault  in  the  gnvel  can  easily  be  eeeu,  with  a  very  distinct 
gouge  in  the  eUp  of  4  to  6  inches  wide. 

Id  the  Bouthem  portion  of  the  KUmath  Mountains  the  gravels  of 
this  epoch  have  been  faulted  to  a  marked  degree,  but  in  the  old  chan- 
nel depodt  of  the  Galice-Kerby  region  of  Oregon  the  only  faults 
observed  were  the  small  ones  noted  above. 


_* ^/ 

> — 

/ 

Pnim  lfl.~7niflbi  a[  old-chuincl  badiwk  In  Harrer  mine.    Amw  allows  count  ol  (uultnt  itnam. 
B«lnMk  M  ■  li  30  iMt  kiwH  tlun  ttukt «  ft,  wlunu  tt  e  bedrock  la  IS  tatt  loww  thw  ttiM  U  ft. 

Thti  Bouthweet  portion  of  the  GaUce  Creek  body  of  the  old-channel 
gravel  deposits  is  well  exposed  in  the  Blue  Gravel  dig^ngs  700  feet 
above  the  stream  on  the  terrace  between  the  forks  of  GaJice  Creek. 
At  this  point  the  giavd  is  from  100  to  140  feet  thick.  Although  the 
gravel  is  generally  fine  and  carries  decomposed  pebbles,  there  is  at 
the  bottom,  as  in  the  Harvey  mine,  a  5-foot  bed  of  fresher  gravel 
with  some  bowlders.  About  2  acres  of  gravel  have  been  washed  away, 
but  much  was  left  on  the  sides  of  the  channel  years  ago  when  the 
work  ceased. 

Otd-ehannel  gravels  near  Briggs 
Crtek. — The  Column  Sock  mass  of 
old-channel  cemented  gravel  caps  the 
terrace  on  the  end  of  the  divide  be- 
tween Swede  Creek  and  Onion  Creek 
at  an  elevation  of  about  3,400  feet 
above  the  sea  and  l,600feet  above     f„o„  a,._e«tian ^  ,id*h«iDd  d^u  « 

Bri^S  Cieek.       Its    area    is  roughly         ColumnRock.    a,C«m«nl«dEnTt]:  t,ccBne 

estimated  at  10  acres.     On  the  steep       ■""''=  *'  «'~°''*^ 

slope  toward  Briggs  Creek  the  section,  180  feet  in  thickness,  shown 

in  figure  20  is  exposed. 

The  upper  layer  of  gravel,  about  80  feet  in  thickness,  is  firmly 
cemented  and  forms  a  prominent  bluff.  From  its  top  ri^cs  a  column 
of  conglomerate  that  forms  a  picturesque  feature  of  the  region.  The 
pebbles  of  the  upper  layer  are  generally  greenstone,  Bubangular,  and 
less  than  an  inch  in  diameter.  Some  layers  ahow  that  the  stratifi- 
cation  ia  horizontal  and  limited  to  the  shallow  valley  of  gentle  slopes 
cut  in  the  greenstone  bedrock  by  the  ancient  stream. 
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Ibe  lower  100  feet  of  the  deposit  is  coarse  gravel  so  feebly  eemented^ 
that  it  does  not  form  ledges  on  the  gravel-GOTered  slope  below  thei^ 
bluff.    It  contains  many  cobUestones  6  to  8  inches  in  diameteri* 
which  are  well  rounded,  fresh  and  smooth,  without  signs  of  weather-^ 
ing.    There  are  some  greenstone  bowlders,  especially  near  the  bottom^ 
the  largest  ones  being  4  feet  in  diameter.    No  prospects  were  seen  in. 
this  body  of  graveli  but  from  its  xelation  to  McDoVs  placer  mine  om 
Onion  C^k  it  is  beUeved  to  have  fmnished  some  coarse  gold  for 
certain  ravines  of  which  it  forms  the  head. 

South  of  Column  Rock  and  east  of  Horse  Mountain,  in  a  low  gap, 
the  old  channel  crosses  the  divide  between  Swede  Creek  and  Soldier 
Greek.  As  seen  from  Column  Rock  the  horizontal  beds  of  conglomer- 
ate form  bold  blu£Es,  but  the  bottom  of  the  deposit  is  not  well  exposed. 
The  gravel  in  the  con^omerate  bluffs  is  angular  and  few  of  the  pebbles 
are  as  large  as  finches  in  diameter. 

To  judge  from  the  topography,  the  old  channel  probably  occurs  in 
the  upper  drainage  of  Soldiers  Creek,  crossing  by  a  low  divide  to  Six- 
mile  Creek  and  a  hi^  gravel  bench  on  Illinois  River  above  Shades 
ranch.  If  this  view  is  correct,  the  old  channel  might  be  expected  U> 
contribute  some  gold  to  the  later  gravels  of  Soldier  Creek  and  Six- 
mile  Creek,  but  as  far  as  I  could  see  there  is  only  a  small  amount  of* 
placer  mining  on  these  streams. 

ATXBIFBBOITS  GBAVBL8  OF  THB  THZBD  GYOLB  OF  BBOSIOIT. 

GENERAL  FEATUBES. 

The  auriferous  gravels  of  the  third  cycle  embrace  all  those  that  are 
closely  related  to  the  modem  streams,  along  which  they  form  terraces 
or  bars.  The  highest  terraces  are  about  500  foet  above  their  parent 
streams,  but  those  mined  most  extensively  lie  within  100  feet  of  the 
stream  level  and  are  in  general  confined  to  streams  that  drain  regions 
in  which  the  rocks  contain  auriferous  quartz  veins. 

The  principal  groups  of  placers  of  the  third  cycle  in  southwest  Ore- 
gon may  be  considered  under  the  following  heads:  The  Sixes  River 
and  Johnson  Creek  region,  in  Curry  and  Coos  counties;  the  South 
Fork  of  the  Umpqua  and  its  most  important  tributary.  Cow  Creek, 
in  Douglas  County;  Rogue  River  and  its  tributaries,  in  Jackson  and 
Josephine  counties;  and,  finally,  the  beach  mines  of  Curry  County. 

PLACEBS   OF  SIXES   BIVEB  AND  JOHNSON   CREEK. 

Sixes  River  and  Johnson  Creek  drain  the  small  gold  belt  extending 
east  and  west  from  Coos  Coxmty  into  Curry  County,  in  the  neighbor- 
hood of  Salmon  Moimtain  and  Rusty  Butte.    The  South  Fork  of 
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Sixes  River  heads  at  Rusty  Butte.  Its  bed  and  the  terraces  that  rise 
about  50  feet  from  the  stream  have  nearly  all  been  sluiced  off  to  a 
point  within  a  few  miles  of  the  coast,  where  owing  to  the  recent  land- 
slides the  stream  is  overbiurdened  and  placers  end. 

The  Salmon  Mountain  mine,  a  well-known  placer  near  the  divide 
between  Sixes  River  and  Johnson  Creek,  is  exceptional.  It  occurs  on 
a  spur  and  is  not  an  ordinary  stream  deposit  but  residual  material, 
largely  of  volcanic  products  mingled  with  the  auriferous  quartz  from 
the  degradation  of  the  Mesozoic  slates  and  greenstones  of  Salmon 
Mountain. 

On  Johnson  Creek,  in  Coos  County,  at  the  eastern  end  of  the  Sixes 
mineral  belt,  there  are  still  a  few  placer  mines,  notwithstanding  the 
fact  that  recent  landslides  have  loaded  the  stream  with  gravel. 

PLACERS   OF  THE  UMFQUA   AND   ITS   TRIBUTABIES. 

On  portions  of  the  South  Fork  of  the  Umpqua  and  its  tributaries, 
especially  Olalla  Creek,  Myrtle  Creek,  Cow  Creek,  and  Coffee  Creek, 
there  are  auriferous  gravels  of  considerable  importance. 

One  of  the  branches  of  Olalla  Creek  traverses  a  mass  of  Jurassic 
slates  that  have  been  much  intruded  by  greenstones  and  furnished 
considerable  bodies  of  auriferous  gravel.  On  Myrtle  Creek,  near  Nug- 
get|  the  granular  greenstone  by  its  disintegration  has  furnished  resid- 
ual material  and  stream  gravel  that  has  been  mined  more  or  less 
actively  for  a  number  of  years.  The  same  is  true  of  gravel  on  the 
upper  course  of  the  South  Fork  of  the  Umpqua,  about  Coffee  Creek, 
and  in  places  along  the  course  of  Cow  Creek,  whose  middle  portion  is 
in  a  rugged  canyon. 

Starvout  Creek,  near  Booth,  is  a  tributary  of  upper  Cow  Creek 
that  drains  the  northwest  slope  of  Green  Mountain,  where  the  Green 
Mountain  Copper  Co.  (see  p.  86)  is  prospecting.  Several  small  placers 
on  Starvout  have  been  irregularly  active  for  a  long  time.  A  large 
tract  has  been  covered  by  these  placers  near  the  present  stream  level. 
Their  reputed  richness  in  the  early  days  lias  stimulated  search  for 
the  source  of  the  gold. 

In  Cow  Creek  canyon  below  Glendale  high  gravel  benches  have 
been  extensively  mined.  The  Victory  and  Gold  Flat,  about  7  miles 
from  Glendale,  are  on  terraces  about  150  feet  above  the  stream,  and 
the  Cracker  Jack  and  Cain  mines,  a  dozen  miles  farther  down  the 
canyon,  are  on  terraces  more  than  500  feet  above  Cow  Creek. 

Among  the  hills  on  the  valley  border  between  Riddles  and  Canyon- 
ville  there  are  a  number  of  small  mines  which  appear  to  derive  at  least 
part  of  their  gold  from  the  decomposition  of  the  Cretaceous  beds  on 
which  they  rest. 
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PLACERS   OF   BOQUE   BIVER   AND    ITS   TRIBUTARIES. 

WOLF  CRBSK  DISTRICT. 

On  Wolf  Creek  and  its  main  tributary,  Coyote  Creek,  there  are 
about  half  a  dozen  placer  mines,  mostly  on  the  gravels  near  the  stream 
level,  but  some  of  them  rise  to  terraces  100  feet  above  the  stream. 
In  Paynes  mine,  near  Foley  Gulch,  a  rusty  rotten  gravel  is  well 
exposed.  The  greenstone  pebbles  are  completely  rotten,  though  the 
slate  pebbles  are  not  so  thoroughly  decomposed.  This  gravel  has  the 
aspect  of  great  age,  but  the  illusion  is  dispelled  by  the  freshness  of  the 
dark-gray  gravel  on  which  it  rests.  Coyote  Creek  has  but  little  fall 
and  the  Ruble  elevator  has  been  used  to  advantage.  Near  the  mouth 
of  Bear  Gulch  Coyote  Creek  has  been  mined  for  nearly  half  a  mile. 
Its  richness  is  attributed  to  the  fact  that  it  drains  the  slope  from  the 
Martha  mine  and  the  west  end  of  the  Greenback. 

QRAVS  CRBSK  DISTRICT. 

Grave  Creek,  considering  its  size,  is  one  of  the  most  important 
placer-mining  streams  in  the  State.  From  Leland  to  Wolf  Creek  its 
valley  is  traversed  by  the  Southern  Pacific  Railroad.  The  richness 
of  its  gravels  is  due  to  the  fact  that  the  stream  traverses  numerous 
belts  and  contacts  of  Mesozoic  slates,  greenstones,  and  serpentine. 
Almost  a  score  of  placers,  old  and  new,  occur  along  its  course  and 
about  a  fifth  of  them,  including  the  Columbia,  which  is  one  of  the 
largest  placers  in  the  State,  are  still  active  during  the  good  water 
season. 

In  ascending  the  stream  from  its  mouth  the  first  large  body  of 
gravel  encountered  is  on  a  high  bench  at  McXair  Flat,  for  the  mining 
of  which  a  few  years  ago  water  was  carried  in  pipes  across  Cow  Creek 
from  the  drainage  of  Mount  Reuben. 

The  Klum  property  on  a  bench  high  above  the  mouth  of  Wolf  Creek 
was  opened  and  then  abandoned  many  years  ago  but  was  recently 
worked  again. 

The  Steam  Beer  mine,  owned  by  H.  K.  Miller,  is  near  Leland.  A 
ditch  9  miles  in  length  supplies  water  with  200  feet  head.  The  mine 
exposes  25  feet  of  gravel,  generally  coarse  below  and  made  up  largely 
of  pebbles  of  greenstone  with  scarcely  any  quartz.  The  bedrock  is 
Jurassic  slate,  forming  a  bench  50  feet  above  Grave  Creek,  which 
affords  an  excellent  dumping  ground.  For  many  years  until  recently 
the  mine  has  been  in  operation  during  the  rainy  season. 

The  largest  mine  on  the  creek,  in  fact  one  of  the  largest  in  the  State, 
is  the  Colimibia,  near  Placer,  owned  and  operated  by  L.  A.  Lewis,  of 
Portland,  Its  water  is  suppUed  by  two  ditches  from  upper  Grave 
Creek,  giving  a  head  of  about  100  and  600  feet  respectively.  The 
mine  occupies  the  valley  of  Tom  East  Creek,  which  drains  the  vicinity 
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}t  the  celebrated  Greenback  mine,  and  the  mine  is  advancing  in  that 
liiectioiu  The  gravel  ranges  from  4  to  50  feet  in  depth  and  is  coarse 
nOow,  a  few  of  the  bowlders  reaching  3  feet  in  diameter.  The  frag- 
oents  are  in  general  subangular  and  ahnost  wholly  greenstone.  A 
0W  are  rotten,  but  the  majority  are  solid.  The  gold  is  fine  and  nug- 
^ts  are  rare.  With  three  5-inch  giants  nearly  6  acres  of  gr&vel  are 
Dined  off  annually.  The  grade  is  low,  and  to  keep  the  sluice  clear  the 
aifings  are  washed  aside  from  the  end  of  the  sluice  box  by  a  powerful 
lide  stream. 

Above  Placer  post  office  for  10  miles  Grave  Creek  cuts  a  rugged 
Mmyon  in  greenstone,  but  farther  up  the  coimtry  opens  out  and 
iffords  alluvial  plains  and  benches  for  mining.  There  are  many 
imall  mines,  generally  near  stream  level,  and  above  Baker  Creek  the 
)ed  of  Grave  Creek  has  been  extensively  washed  for  6  miles.  The 
Blalock  mine,  the  most  persistent  and  extensive,  is  at  least  in  part 
m  a  bench  150  feet  above  Grave  Creek  and  covers  over  40  acres. 

The  occurrence  of  auriferous  Cretaceous  conglomerate  at  several 
places  in  the  upper  part  of  Grave  Creek  suggests  that  some  of  the 
p>ld  may  be  derived  from  that  source. 

jmiPOFF  JOE  DISTBIOT. 

The  lower  portion  of  Jumpoff  Joe  Creek  traverses  an  area  of  grano- 
lk>rite  and  has  no  placers,  but  above  the  forks  placers  occur  among 
the  greenstone  hills  on  both  Jack  Creek  and  the  main  branch.  The 
principal  mine  is  the  Swastika.  It  occupies  a  low  terrace  in  the 
forks  at  the  mouth  of  Jack  Creek  The  Swastika  property  is  said  to 
include  a  large  part  of  Jack  Creek,  and  prospects  have  been  made 
aearly  2  miles  above  its  mouth  toward  the  Daisy  quartz  mine.  The 
Swastika  has  been  operated  by  the  present  company  for  a  nimiber  of 
jrears.  Two  18-inch  pipes  were  used,  one  with  a  head  of  150  feet 
md  the  other  of  sifyynt  75  feet.  The  sluice  dump  was  disposed  of 
by  a  strong  side  stream. 

The  gravel  is  15  to  30  feet  deep  and  is  composed  of  greenstone 
[)ebbles.  It  is  coarsest  below,  the  largest  bowlders  being  2  feet  in 
iiameter.  In  many  places  the  whole  mass  is  rotten,  so  that  many 
rf  the  bowlders  go  to  pieces  under  the  stream  from  the  giant.  The 
bedrock  in  the  Swastika  mine  and  throughout  the  slopes  of  Jack 
Oreek  is  greenstone. 

On  the  main  fork  of  Jumpoff  Joe  Creek  besides  the  Sexton  mine 
there  are  a  number  of  small  placers,  especially  near  its  head,  and  a 
larger  one  5  miles  below,  where  Cook  &  Howland  have  stripped  the 
shallow  bed  of  the  stream,  exposing  the  slates  for  half  a  mile  to  a 
wridth  of  100  to  200  feet.  As  the  slope  is  gentle,  an  elevator  was 
used. 


106  MIKERAL   HE80UBCE8   OP   SOUTHWESTEBN   OBEiH>3r. 


Pleasant  Creek^  a  branch  of  Evans  Creek,  heads  agamst  C^Te 
Creek  and  has  several  acthre  placers.  For  over  3  mfles  the  bed 
of  Pleasant  Creek  was  almost  completely  mmed  out  jeais  ago, 
and  later  efforts  have  been  directed  to  the  benches  up  to  100  feet. 
Hie  largest  amount  of  work  has  been  done  at  Harris  Gulch,  wfa^e  an 
area  of  rotten  gravel  about  8  acres  in  extent  has  lately  been  removed. 
A  smaller  cut  has  been  made  in  a  wdl-marked  terrace  at  Jamison 
Crulch,  and  farther  up,  between  the  forks,  Thompson  Bros,  have 
washed  the  residual  material  from  a  serpentine  point  200  feet  above 
the  streams. 

Lately  the  Pleasant  Creek  Gold  Dredge  Co.  and  others  have  been 
operating  near  the  head  of  feasant  Valley.  The  property  in  part 
embraces  about  400  acres  of  placer  and  dredge  land,  and  3  miles  of 
new  ditch  supplies  the  water. 

Nearly  all  the  placers  on  Pleasant  Creek  are  on  granodiorite  but 
are  near  its  contact  with  both  slate  and  greenstone,  which  may  be 
the  source  of  the  gold.  The  Pleasant  Creek  mine,  which  works 
the  ancient  bed  by  hydraulicking,  made  the  largest  output  of  the 
mines  in  Jackson  County  in  1912. 

OOLD  HHI.  DI8TXICT. 

In  the  Gold  Hill  district  there  are  no  large  placer  mines.  The 
most  important  until  within  the  last  few  years  was  the  Blockert  mine, 
on  Galls  Creek.  On  the  same  stream  work  is  being  done  by  the 
hydraulic  method  on  a  few  other  properties.  The  gravels  worked 
are  in  the  present  stream  bed.  On  Sardine  Creek  also  some  mining 
is  being  done. 

It  is  of  interest  to  note  that  during  the  summer  of  1908  preparations 
were  being  made  to  mine  the  deposits  south  of  Kane  Creek,  in  the 
SW.  I  sec.  36,  T.  36  S.,  R.  3  W.,  by  means  of  an  electric  shovel,  dry 
digging,  and  passing  through  washers.  The  Electric  Gold  Dredging 
Co.  had  already  begun  work,  and  the  mine  has  since  become  one  of 
the  most  important  producers  in  the  State.  The  electric  power 
shovel  used  is  equipped  with  three  motors,  one  for  hoisting  the  dipper, 
one  for  swinging  the  crane  or  boom,  and  one  on  the  crane  or  boom  for 
crowding  the  dipper  into  the  bank.  The  capacity  of  the  shovel  is 
about  500  cubic  yards  in  10  hours.  The  electric  power  is  brought 
from  the  Ray  dam  on  Rogue  River,  2  miles  away.  The  water  used  in 
washing  the  gravels  is  obtained  from  reservoirs  on  the  small  stream 
which  flows  through  the  property.  The  material  of  the  deposit  is 
fine-grainod  clay  and  gravel  having  an  average  thickness  of  about  18 
feet;  very  few  bowlders  are  present.  The  bedrock  is  slate  that  has 
a  strike  of  N.  55°  E.  and  a  dip  of  about  70°  SE.  The  slates  have 
been  considerably  altered. 
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FOOTS  OKBSK  DISTaiOT. 

There  are  a  number  of  placer  mines  on  Foots  Creek  and  the  dis- 
trict is  espedally  noted  for  its  dredges.  Of  these,  the  chief  producer 
is  the  C!hampUn  Electric  Gold  Dredging  Co.  miney  located  on  Foots 
Creek  just  below  the  forks.  The  other  mines  are  the  Black  Gold 
Channel  and  Cook,  on  the  left  fork,  and  the  Lance  and  Glen  Ditch 
on  the  right  fork. 

CHA)|PLIN  MINE. 

The  Champlin  mine  is  on  Foots  Creek,  about  2  miles  from  its 
junction  with  Rogue  River.  It  is  owned  by  the  Champlin  Electric 
Gold  Dredging  Co.,  of  Chicago,  which  bought  the  property  in  1903 
from  Mr.  Lance,  of  Gold  Hill.  In  the  same  year  the  company  con- 
structed a  bucket  dredge  equipped  with  steam  power.  In  Novem- 
ber, 1905,  electric  power  from  the  Ray  plant  was  installed,  the 
cost  of  TniniTig  being  thereby  reduced  one-half.  Thirty-six  8-foot 
buckets  are  used.  They  are  run  at  a  speed  of  7  a  minute  and  the 
capacity  of  the  dredge  is  about  2,000  yards  a  day. 

According  to  Clement  H.  Mace,^  the  gravel  from  the  buckets  is 
fed  to  a  trommel  and  the  bowlders  discharged  through  this  over 
the  side  of  the  boat.  The  undersized  material  passes  over  a  set  of 
riffles  to  a  smnp  or  well  whence  it  is  elevated  by  a  huge  centrifugal 
pump  to  the  tail  riffles  in  long  sluices  supported  in  the  center  of  an 
auxiliary  barge.  The  major  portion  of  the  gold,  however,  is  caught 
on  the  boat  before  reaching  the  tail  sluices. 

No  gold-saving  tables  of  any  kind  are  used  and  it  is  claimed  that 
the  gold  is  all  coarse  enough  to  be  saved  by  the  Hungaiian  riffles, 
though  it  would  seem,  according  to  Mace,  that  some  fine  gold  is  lost. 

The  average  depth  of  the  pay  gravel  is  about  35  feet,  but  deposits 
to  depths  of  46  feet  have  been  mined  without  reaching  bedrock,  which 
is  supposed  to  lie  at  an  average  depth  of  100  feet.  Much  of  the  mate- 
rial is  less  than  5  inches  in  diameter,  but  bowlders  of  large  size  are 
numerous.  The  best  returns  are  found  in  a  bluish  gravel,  which  is 
generally  reached  at  a  depth  of  about  12  feet.  This  gravel  is  8  to 
18  feet  in  thickness.  Below  it  is  a  fine  plastic  clay,  which  is  difficult 
to  handle  and  which  carries  practically  no  gold.  The  property  con- 
tains more  than  1,200  acres  of  placer  grotmd,  much  of  which  has 
been  thoroughly  prospected  and  foimd  to  carry  gold. 

As  there  is  too  much  ground  water  for  shaft  sinking  the  prospect- 
ing was  done  with  Keystone  drills,  and  subsequent  dredging  is  said 
to  have  given  better  results  than  the  test  holes. 

Charles  Janin '  says  in  his  "  Review  of  gold  dredging  in  191 1 " : 

Gold  dredging  in  Oregon  has  never  met  with  any  pronounced  euccess.  The  total 
production  of  gold  won  from  dredging  operations  in  the  State  does  not,  so  far  as  can  be 

1  Mln.  and  Sci.  Press,  p.  438,  Mar.  23, 1912.  t  MiD.  and  Soi.  Press,  p.  101,  Jan.  13, 1912. 
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learned  from  United  States  Geological  Survey  records,  exceed  $250,000.  A  number  of 
yean  ago  dredges,  both  bucket  and  suction  type,  were  built  on  the  Snake  River,  and 
for  a  while  some  of  them  perhaps  paid  operating  expenses. 

A  company  has  started  to  prepare  for  a  dredge  this  season  on  ground  near  Sumpter 
in  eastern  Oregon.  After  ccmsiderable  prospecting  the  dredge  pit  was  dug  150  feet 
square  by  12  feet  deep,  and  it  is  expected  the  dredge  will  be  built  next  year.  It  ia 
to  have  9-foot  buckets  and  use  electric  power  furnished  by  the  Olive  Lake  power  plant, 
and  will  be  the  first  modem  dredge  following  California  methods  to  be  operated  in 
Oregon. 

The  White-Shelby  Hunt  dredge,  which  opdiated  a  short  time  in  southern  Oregon 
was  originally  built  lor  reclamation  work  at  Grays  Harbor,  Wash.  It  was  afterwards 
moved  to  Pleasant  Valley,  Josephine  County,  and  mounted  on  wheels.  Water  inter- 
fered with  its  operation  and  it  was  again  put  on  a  huU.  It  was  run  a  short  time  only; 
large  bowlders  and  difficult  digging  proved  a  serious  handicap,  and  the  ladder  was 
broken.  The  dredge  was  equipped  with  buckets  of  2  cubic  feet  capacity  and  a  gaso- 
line engine;  it  is  now  idle. 

The  Josephine  dredge,  near  Waldo,  Josephine  County,  was  a  4-foot  bucket  dredge, 
using  steam  and  wood  fuel,  and  was  owned  by  an  English  company.  It  operated  only 
one  season,  when  it  is  claimed  the  company  got  into  litigation.  Repairs  were  not 
kept  up,  and  while  in  charge  of  a  watchman  the  dredge  sank  and  has  never  been 
recommissioned.  Recently  there  has  been  a  report  of  another  dredge  to  be  built  near 
Waldo,  but  no  definite  information  is  at  hand  regarding  it. 

The  only  dredge  operated  in  Oregon  that  seems  to  have  made  anything  over  operat- 
ing profit,  and  that  could  be  classed  as  even  partly  successful,  is  that  of  the  Champlin 
Gold  Dredging  Co.  on  Footfl  Creek,  Jackson  County.  This  is  an  8-foot  dredge  operated 
by  electric  power.  It  was  operated  successfully  for  several  years  and  during  part  of 
the  present  season,  but  the  bucket-ladder  line  broke  a  few  weeks  ago  and  the  weight 
of  the  buckets,  about  70  tons,  sprang  the  hull  planks  and  the  dredge  sank  in  about 
18  feet  of  water.  It  is  said  that  repairs  will  be  made  at  once,  the  loss  being  estimated 
at  $35,000. 

While  this  is  the  only  company  whose  dredging  operations  have  returned  a  profit 
in  Oregon  there  seems  to  be  no  reason  why  some  of  the  other  dredges  should  not  have 
proved  a  financial  success  if  they  had  been  properly  designed  for  the  ground  on  which 
they  were  placed.  It  is  probable  that  investigations  will  be  made  in  Oregon  placers 
in  the  near  future,  and  if  the  proposed  dredge  near  Sumpter  returns  a  profit  a  number 
of  other  dredges  of  the  type  that  proved  such  a  success  in  California  will  be  erected. 
Gold  dredging  in  Oregon  produced  $34,010  in  1910,  according  to  the  United  States 
Geological  Survey. 

BLACK    GOLD   CHANNEL   MINE. 

The  Black  Gold  Channel  mine  is  on  the  left  fork  of  Foots  Creek, 
in  sec,  12,  T.  37  S.,  R.  4  W.  It  is  leased  at  the  present  time.  In 
the  bank  is  exposed  about  15  feet  of  unstratified  gravels,  the  coarsest 
below  and  containing  bowlders,  the  largest  of  which  are  18  inches 
in  diameter.  There  is  very  little  fine  material.  The  bowlders, 
which  are  almost  all  of  greenstone,  are  subangnlar  to  fairly  well 
rounded.  The  large  bowlders  are  handled  by  a  derrick.  Two  giants 
are  used  under  a  head  of  several  hundred  feet.  The  gravels  are  forced 
upward  for  15  feet  over  an  elevator,  but  the  sluice  takes  the  material 
2 J  feet  above  bedrock.  The  mine  pit  of  the  present  workings  has  an 
area  of  IJ  acres.  A  large  area  down  the  stream  has  already  been 
worked  over.     The  bedrock  is  slate  cut  by  dikes  of  greenstone.     The 
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strike  of  the  slates  is  N.  10^  E. ;  distinct  joints  run  about  N.  70^  W. 
Numerous  small  veins  are  present  and  have  a  general  northeast- 
southwest  direction. 

COOK  MINE. 

The  Cook  mine  is  in  the  S.  i  sec.  13,  T.  37  S.,  R.  4  W.  The  pay 
gravel  is  in  places  plainly  stratified  and  consists  mainly  of  fine  gravel 
and  clay.  The  stream  bed  has  been  mined  for  one-fourth  of  a  mile. 
Tlie  bedrock  is  made  up  of  greenstone  and  slates  cut  by  numerous 
greenstone  dikes.  It  has  been  greatly  sheared  and  faulted.  One 
fault  runs  N.  75*"  W.  and  dips  31*"  N.;  another  runs  N.  53""  E.  and 
has  been  traced  for  nearly  one-fourth  of  a  mile. 

LANOE   MINE. 

The  Lance  mine  is  on  the  right  fork  of  Foots  Creek,  in  the  SE.  { 
sec.  22,  T.  37  S.,  R.  4  W.  It  is  owned  by  Lance  Bros,  but  is  leased 
at  present.  The  bank  has  in  places  a  thickness  of  20  feet;  much  of 
the  material  is  fine.  The  bedrock  consists  of  lenses  of  limestone  in 
dates,  which  are  cut  by  dikes  of  greenstone.  The  bed  of  the  stream 
has  been  mined  for  about  one-third  of  a  mile,  and  there  is  still  con- 
siderable good  ground  to  be  mined. 

OLEN  DITCH  AND  OTHER  MINES. 

The  Glen  Ditch  mine  is  near  the  head  of  the  right  fork  of  Foots 
Creek.  It  is  owned  by  Boling  Bros.  The  stream  bed  has  been  fol- 
lowed for  some  distance,  but  much  good  ground  remains  to  be  worked. 
The  gravels  are  about  15  feet  thick. 

Other  small  producers  on  the  right  fork  are  the  Mattis  &  Hausman 
and  the  Carr  Bros,  mines. 

JACKSONVILLE  DISTRICT. 

In  the  Jacksonville  district  is  the  Sterling  mine,  once  the  most 
productive  placer  mine  of  southwestern  Oregon ;  also  the  Old  Sturgis, 
the  Spaulding,  and  the  Pearce. 

STERLING   MINE. 

The  Sterling  mine,  owned  by  the  Sterling  Mining  Co.,  is  located  on 
Sterling  Creek,  a  branch  of  Little  Applegate  River,  and  is  about  8 
mile^  from  Jacksonville.  The  property  includes  about  2,000  acres, 
extending  from  a  point  below  the  mouth  of  Sterling  Creek  to  the 
head  of  Sterling  Creek  and  over  the  divide  to  GriflBn  Creek.  The 
gravel  bank  on  the  west  side  of  the  present  workings  is  more  than 
40  feet  in  thickness,  but  on  the  east  side  it  is  only  about  20  feet  thick. 
The  material  consists  of  gravel  and  bowlders,  the  latter  being  rather 
uniformly  distributed  throughout  the  section.  Many  of  the  bowl- 
ders are  small,  but  some  are  more  than  2  feet  in  diameter  and  a  few 
exceed  8  feet.    They  are  mainly  of  greenstone. 
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Much  mining  has  been  done  on  Sterling  Creek  by  the  present  com- 
pany. The  main  stream  was  mined  up  from  its  mouth  for  more  than 
3  miles,  then  a  channel  east  of  this  stream  was  followed  for  about 
half  a  mile.  Here  a  channel  which  is  named  Bowlder  Channel  was 
struck,  and  this  has  been  followed  for  about  a  quarter  of  a  mile  to  the 
present  workings.  The  bedrock  of  these  workings  is  a  little  higher 
than  the  present  stream  bed  and  is  about  100  yards  east  of  it.  The 
gold  is  found  across  a  width  of  nearly  200  feet.  It  is  of  medium 
coarseness  and  is  usually  well  rounded,  although  angular  nuggets 
are  also  present.  The  average  thickness  of  the  gravels  in  the  Bowl- 
der Channel  is  about  40  feet.  It  is  of  interest  to  note  that  in  these 
gravels  the  tusks  and  jaws  of  a  mammoth,  as  well  as  other  manunar 
lian  bones,  have  been  found.  The  bedrock  at  the  mine  is  greenstone 
in  which  are  patches  of  slaty  tuBa.  These  rocks  have  been  consid- 
erably sheared  and  yeinlets  of  quartz  are  present.  The  strike  of  the 
slaty  rocks  is  N.  8^  E.  and  the  dip  about  60^  W.  In  the  present 
workings  is  a  dike  that  strikes  N.  20^  E.,  containing  cross  veins  which 
do  not  extend  beyond  the  dike.    The  slope  of  the  bedrock  is  about 

2  feet  in  100  feet.  In  1908  mining  was  in  progress  from  March  until 
August,  during  which  time  about  1  acre  was  mined.  The  value  of 
the  gravels  was  about  40  cents  to  the  cubic  yard. 

The  mine  is  weU  equipped  with  ditches,  giants,  and  flumes,  the 
longest  ditch  being  about  27  miles.  The  water  enters  this  ditch 
from  Little  Applegate  River  about  12  miles  above  the  mouth  of 
Sterling  Creek.  At  the  mine  the  head  of  the  water  is  now  only  about 
80  feet.  A  pipe  line  is  being  planned  to  carry  water  from  Squaw 
Lake  to  the  mine,  a  distance  of  17  miles.  The  mine  has  been  equipped 
for  hydraulicking  for  about  30  years.  The  Sterling  Mining  Co. 
was  incorporated  in  1872.  There  were  issued  only  40  shares  of  stock, 
which  have  been  held  by  a  very  few  shareholders.  The  total  pro- 
duction of. the  mine  is  said  to  exceed  $3,000,000. 

SPAULDINO  MINE. 

The  Spaulding  mine  is  on  Forest  Creek  in  sec.  4,  T.  38  S.,  R.  3  W. 
The  maximum  thickness  of  the  deposit  in  the  present  workings  is 
more  than  40  feet,  but  the  average  thickness  does  not  exceed  25  feet. 
The  lowest  10  feet  consists  of  gravels  containing  bowlders;  the  upper 
part  of  the  deposit  is  hardpan.  Even  in  the  lower  part  there  are 
but  few  bowlders,  and  these  are  generally  less  than  1  foot  in  diam- 
eter. They  are  rounded  or  subangular  and  are  usually  of  greenstone, 
although  some  are  of  granodiorite.  The  mine  is  equipped  for 
hydraulicking. 

OLD  STUROIS   MINE. 

The  Old  Sturgis  mine  is  on  Forest  Creek  in  sec.  10,  T.  38  S.,  R. 

3  W.     It  is  now  owned  by  the  Sterling  Mining  Co.    The  deposit  has 
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an  average  thickness  of  about  30  feet;  the  maximum  thickness  is 
about  60  feet.  In  the  lowest  10  feet  the  gravels  and  sand  contain 
rounded  and  subangular  bowlders,  which  are  chiefly  of  greenstone, 
although  some  are  of  granodiorite.  The  upper  part  of  the  deposit 
is  hardpan,  which  has  a  reddish  to  buflf  color.  The  gold  is  fine,  and 
most  of  it  lies  near  the  bottom.  The  richest  ground  is  said  to  run  as 
high  as  $12,000  to  the  acre.  The  bedrock  is  greenstone,  much  frac- 
tured and  veined,  in  places  very  slaty,  the  strike  being  N.  30®  E. 
and  the  dip  48®  SE.  In  the  mine  pit  the  bedrock  is  about  8  feet 
above  the  stream  bed  and  the  slope  is  very  gentle.  The  water 
supply  is  sufficient  to  operate  the  mine  from  one  to  four  months 
each  year.  The  main  ditch  is  about  1 J  miles  in  length.  The  mine 
is  equipped  with  giants  and  a  derrick  is  used  for  handling  the  bowl- 
ders. About  1  acre  a  year  is  mined.  From  8  to  12  men  are  em- 
ployed. The  property  contains  about  900  acres,  a  large  part  of 
which  is  placer  ground.  For  many  years  the  mine  was  owned  by 
the  Vance  Mining  Co. 

PBARCE   MINE. 

The  Pearce  mine  is  on  the  east  fork  of  Forest  Creek  in  sec.  11,  T 
38  S.,  R.  3  W.  The  gravels  have  an  average  thickness  of  about  12 
feet,  but  in  places  they  were  45  feet  thick.  Where  recent  work  has 
been  done  the  bank  is  about  25  feet  thick.  In  the  lowest  6  feet  of 
the  deposit  there  are  many  large  undecomposed  bowlders,  but  above 
this  zone  the  material  is  gravel  and  sand  not  very  strongly  cemented. 
Most  of  the  gold  Ues  at  and  near  the  bottom.  In  general,  it  is  rather 
fine.  Some  of  the  ground  has  run  as  high  as  $7,000  to  the  acre. 
The  bedrock  is  greenstone,  the  slope  of  which  is  not  more  than  2 
feet  in  100  feet.  The  mine  is  equipped  for  hydraulicking,  three 
giants  being  used.  The  water  is  brought  IJ  miles,  at  a  pressure  of 
only  about  85  feet,  from  the  upper  part  of  the  stream  on  which  the 
mine  is  located.  A  derrick  is  used  for  handling  the  bowlders.  The 
property  has  an  area  of  240  acres,  a  largo  part  of  which  remains  to 
be  worked. 

In  addition  to  the  mines  on  Forest  Creek  already  described,  there 
are  some  other  small  producers.  In  the  early  days  of  placer  mining 
in  Oregon,  Forest  Creek  was  among  the  most  productive  areas. 

PICKETT  CRBSK  DISTRICT. 

In  the  Pickett  Creek  district  the  two  most  important  mines  are  the 
Big  Four  and  the  Flanagan  &  Emerson. 

BIO   FOUR   MINE. 

The  Big  Four  mine,  owned  by  M.  J.  Merrill,  of  Portland,  Oreg.,  is 
15  miles  northwest  of  Grants  Pass  on  Pickett  Creek,  one-third  of  a 
mile  from  the  left  bank  of  Rogue  River.     The  property  embraces 
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200  acres,  chiefly  on  a  bench  of  slate  bedrock  overlooking  Pickett 
Creek  and  300  feet  above  the  level  of  Rogue  River.  The  gravel 
ranges  from  30  to  70  feet  in  thickness,  and  is  in  part  clearly  stratified. 
The  14  feet  of  red  earthy  sand  and  clay  overburden  is  said  to  contain 
fine  gold  that  can  be  saved,  but  the  larger  pieces  are  in  the  bottom 
gravel. 

The  lower  12  feet  of  gravel  contains  well-roimded  cobblestones,  the 
largest  being  6  inches  in  diameter.  At  the  bottom  a  few  bowlders, 
generally  slate,  rest  on  the  bedrock,  and  from  2  to  4  feet  of  the 
bottom  gravel  is  partly  cemented.  The  rim  rock  rises  abruptly  and 
slates  are  much  crushed  and  faulted,  forming  a  terrace  on  the  north- 
west toward  Pickett  Creek.  The  old  channel  is  250  feet  in  width 
and  30  feet  deep  below  the  slate-rim  terrace,  from  which  the  gravel 
capping  has  been  in  part  mined  away.  The  water  is  supplied  from 
Pickett  Creek  at  a  head  of  200  feet,  two  giants  being  run  for  a  large 
portion  of  the  year.  The  mine  has  been  operated,  .during  the  season 
when  water  is  obtainable,  for  many  years. 

FLANAGAN    A   EMERSON    MINE. 

The  Flanagan  &  Emerson  mine  is  on  the  left  bank  of  Rogue  River 
13  miles  northwest  of  Grants  Pass  and  about  a  mile  above  the  mouth 
of  Pickett  Creek.  Approximately  6  acres  of  gravel  has  already  been 
mined  from  a  slate  bedrock  terrace  30  feet  above  the  river.  The 
mine  face  exposes  50  feet  of  fine  gravel  containing  a  small  amount 
of  sand  near  the  middle  and  at  the  top. 

On  the  river  side  of  the  mine  a  portion  of  the  gravel  app>ears  to 
have  been  washed  away  and  replaced  by  a  later  deposit. 

The  slate  bedrock  is  much  twisted  and  faulted.  The  strike  is 
N.  20°  E.  and  the  dip  45°  SE. 

In  the  neighborhood  of  the  mine,  especially  toward  the  south,  in 
an  east  bend  of  Rogue  River,  there  is  a  broad  tract  evidently  con- 
taining extensive  deposits  of  river  gravel.  To  judge  from  the  tests 
reported  by  Clarence  H.  Mace,*  this  tract  is  worthy  the  attention  of 
those  looking  for  dredging  ground. 

OALICE  DISTRICT. 

The  placers  of  the  GaUce  district  are  noted  especially  on  account 
of  those  connected  with  the  old  channel  of  the  second  cycle  of  erosion 
described  on  pages  98-101.  There  have  been,  however,  extensive 
washings  of  the  late  gravels  on  Gahce  Creek. 

The  Gahce  ConsoUdated  Mines  Co.  owns  nearly  all  the  property, 
about  30  claims,  along  GaUce  Creek,  except  five  claims  about  the 
forks  of  the  creek,  which  are  controlled  by  the  Galice  Placer  Mines  Co. 

1  Mln.  and  Set.  Ptms,  p.  437,  Mar.  2S,  1912. 
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The  gravels  of  this  creek  were  rich.  Possibly  some  of  their  gold  was 
derived  from  the  old  channel  as  well  as  from  the  adjacent  mountain 
slopes,  which  contain  many  gold  prospects.  Most  of  the  stream 
gravels  along  Galice  Creek  have  been  mined  out,  except  a  portion 
of  the  Galice  Placer  Mines  Co.  property  which  is  managed  by 
Daniel  Green,  of  Galice. 

One  of  the  most  productive  as  well  as  novel  and  persistent  placers 
of  the  Galice  region,  except,  of  course,  the  Old  Channel  mine,  is  that 
of  Gold  Bar  and  Rocky  Gulch,  on  the  left  bank  of  Rogue  River,  1 J 
miles  below  Galice.  It  is  operated  by  H.  L.  Lewis  and  L.  L.  Jewell. 
Water  for  the  mine  is  taken  from  Rocky  Gulch  to  secure  a  200-foot 
head  for  a  12-inch  supply  pipe. 

The  gravel  forms  a  bar  on  the  river  and  rises  to  a  broad  bench  18 
feet  above  the  river.  About  10  per  cent  of  the  pebbles  are  from  3  to 
6  inches  in  diameter  and  the  rest  are  smaller. 

A  steam  shovel  with  a  30-foot  beam  and  scoop  of  large  capacity 
recovers  the  gravel  and  raises  it  about  14  feet  from  a  point  below  the 
river  level  to  the  hopper  of  the  washer.  A  strong  stream  from  a 
12-inch  pipe  washes  the  gravel  through  a  revolving  screen,  which 
takes  out  the  coarse  gravel,  the  fine  being  discharged  into  300  feet 
of  gently  sloping  sluice  boxes.  Only  a  small  part  of  the  available 
ground  has  yet  been  worked. 

Two  miles  below  Galice^  25  feet  above  water  level,  on  the  right  bank 
of  Rogue  River,  is  a  small  placer,  known  as  the  Dean  and  Corliss, 
which  opens  the  edge  of  a  prominent  terrace  that  may  contain  gravel 
remnants  of  a  higher  and  richer  channel.  This  property  has  recently 
been  sold  and  additional  water  is  being  secured. 

The  success  of  dredging  in  the  Foots  Creek  district  has  led  to  other 
attempts  farther  down  Rogue  River,  but  as  yet  none  have  been  long 
continued.  The  latest  attempt  that  has  come  to  my  attention  was  by 
the  Scandinavian  Dredge  Co.,  on  a  bar  along  the  right  bank  of  Rogue 
River,  6  miles  below  Galice  or  1 J  miles  below  the  Almeda  mine. 

Silver  Creek  flows  into  Illinois  River,  but  from  its  upper  portion, 
where  Cheldelin  and  others  have  been  mining,  Galice  is  the  easiest 
source  of  supplies,  so  it  is  generally  considered  a  part  of  the  Galice 
region. 

On  Silver  Creek  landslides  have  played  an  important  part  in  con- 
tributing debris  to  block  the  stream,  and  at  one  point  near  the  falls  a 
large  tunnel  is  already  partly  completed  to  make  an  outlet  for  an 
extensive  body  of  gravel  reported  to  be  auriferous.  Farther  up  Silver 
Creek  there  are  a  number  of  placers  and  among  them  are  those  oper- 
ated by  J.  W.  Baker  and  Peter  Cheldelin,  who  have  continued  work 
for  a  number  of  years. 

18014'— Bull.  546—14 S 
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About  Grants  Pass,  Gold  HOI,  and  Medford  the  Talley  of  Bogae 
River  has  broad  alloTial  flats  extensivelir  used  for  farms  and  orchards, 
but  a  dozen  miles  northwest  of  Grants  Pass,  at  Hellgate,  Rogue  River 
enters  a  rugged  canyon,  which  continues,  with  only  here  and  there  a 
few  small  flood-plain  benches,  to  the  sea.  The  more  rugged  parts  of 
the  canyon  are  cut  in  igneous  rocks  and  the  wider  portions  lie  in  softer 
slates,  which  form  benches  for  the  deposition  of  gravels. 

On  Rogue  River,  for  4  miles  below  Hellgate,  there  are  no  promi- 
nent gravel  benches,  but  from  that  point  to  the  Almeda  mine,  a 
distance  of  6  miles,  in  the  Galice  district,  where  the  slates  prevail, 
bars  and  benches  are  conmion.  Below  Almeda  igneous  rocks  again 
prevail  for  over  a  dozen  miles  to  Whisky  Run,  where  slates  and 
gravel  deposits  reappear  in  the  Lower  Rogue  River  district  aad  con- 
tinue for  many  miles  with  much  irregularity  and  in  general  decreas- 
ing richness  to  the  mouth  of  Illinois  River. 


TTBB  BAR  MINB. 


The  Tyee  Bar  placer  on  the  left  bank  of  Rog^e  River,  about  1} 
miles  below  Whisky  Run,  althou^  not  large,  embraces  a  number  of 
acres.  Much  of  the  bar  was  worked  over  years  ago  and  reported  rich. 
It  was  reopened  in  the  sunmier  of  1911,  but  was  not  yet  producing  at 
the  time  of  my  examination.  The  bedrock  is  composed  of  slates  which 
adjoin  the  igneous  rocks  that  contain  so  many  prospective  mines 
about  TMiLsky  and  Rum  creeks. 


HORSESHOE   BAR   MIN'E. 


Farther  down  the  river  there  are  small  placers  on  benches  35  to  50 
feet  above  the  river  at  Pyles  Bar,  Black  Bar,  and  Little  Windy  Bar 
but  at  IIors(»shoe  Bar,  about  20  miles  below  Galice,  the  mining  is  more 
extensive  and  Ls  within  10  feet  of  the  river  level.  The  Horseshoe  Bar 
placer  mine  is  owned  by  E.  G.  Francis,  of  Dothan,  and  W.  A.  Wise  and 
T.  P.  Wise,  of  Portland,  Greg.  The  property  consists  of  two  claims 
of  20  acres  each.  Water  is  supplied  by  nearly  a  mile  of  ditch  and  a 
9-inch  pipe  that  is  bridged  over  Rogue  River  to  the  bar  at  an  eleva- 
tion of  about  10  feet  above  the  river  and  delivered  at  a  pressure  of  150 
feet.  Another  water  supply  from  near-by  gulches  gives  a  head  of  100 
feet  to  wash  the  gravel  into  the  pit,  from  which  with  a  3-inch  nozzle 
under  150  feet  pressure  the  gravel  is  raised  8  feet  through  an  elevator 
to  1 50  feet  of  sluice  boxes. 

Some  bench  gravels  about  80  feet  above  the  bar  have  been  partly 
washed  away  and  have  contributed  to  the  production  of  the  bar. 
With  one  giant  and  elevator,  it  is  said,  150  cubic  yards  can  be  handled 
daily,  and  much  of  the  bar  is  yet  available. 
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A  short  distance  below  the  Horseshoe  Bar  mine  are  other  smaller 
mines,  the  Tennessee  1  and  2,  owned  in  part  by  the  same  company. 

BATTLE   BAR  MINE. 

At  Battle  Bar,  on  the  left  bank  of  Rogue  River  a  little  above  the 
month  of  Ditch  Creek,  a  terrace  20  to  25  feet  above  the  river  is  capped 
by  gravel  that  has  been  tested  by  a  small  placer  and  said  to  yield 
good  values.  I  saw  it  only  across  the  river,  but  the  deposit  appears 
to  be  similar  to  that  of  Winkle  Bar,  a  mile  farther  doMm  the  river. 

WINKLE   BAR   MINE. 

Nearly  a  mile  below  the  mouth  of  Ditch  Creek  and  26  miles  below 
Galice,  on  the  right  bank  of  Rogue  River,  is  a  large  terrace  known  as 
Winkle  Bar,  that  contains  perhaps  30  acres.  The  slate  bedrock  ter- 
race rises  about  15  feet  above  low  water  in  the  river  and  is  capped 
by  20  to  30  feet  of  gravel  which  is  generally  coarse,  half  of  it  consist- 
ing of  bowlders  over  5  inches  in  diameter.  A  small  placer  operated 
here  some  years  ago  and  a  test  shaft  encourages  the  Winkle  Bar 
Developing  Co.  to  plan  for  larger  operations.  Ditch  Creek,  with  a 
few  miles  of  ditch,  will  supply  water  with  a  head  of  120  feet.  The 
gold  is  fine  and  will  require  special  precaution  for  its  recovery. 

RED   RIVER  GOLD   MINING    A   MILLING  CO.   MINE. 

The  Red  River  Gold  Mining  &  Milling  Co.  has  eight  claims  on  the 
low  terraces  on  both  banks  of  Rogue  River  just  below  the  mouth  of 
John  Mule  Creek  and  about  30  miles  below  Galice.  The  slate  floor 
of  the  mine  is  20  feet  above  the  river.  It  is  capped  by  30  feet  of 
gravel,  which  is  covered  by  an  overburden  of  fine  material  35  feet  in 
thickness.  The  overburden  is  slippery  and  is  separated  from  the 
gravel  by  a  sharp  line.  The  gravel  is  mostly  coarse,  the  largest 
bowlders  being  15  inches  in  diameter. 

The  water  supply  comes  from  John  Mule  Creek  through  3i  miles  of 
4-foot  flume  and  ditch,  giving  at  the  mine  approximately  a  260-foot 
head  for  one  9-inch  and  two  6-inch  nozzles. 

The  gravel  is  forced  up  over  a  grizzly  12  feet  wide  to  a  height  of 
15  feet.  Only  about  5  per  cent  of  the  material  covering  the  gold 
goes  through  the  screen  of  the  grizzly  to  the  sluice  boxes.  The  gold 
is  fine  and  in  general  hard  to  save.  On  the  left  bank  it  is  said  to  be 
coarser. 

Much  of  this  property  was  mined  over  years  ago,  and  several  acres 
have  been  mined  recently,  leaving  but  a  small  portion  of  the  original 
available  material. 

Statements  vary  greatly  as  to  the  amount  of  production.  The  re- 
moval of  the  overburden  has  been  a  serious  handicap.  The  present 
owners  secured  the  property  within  the  last  few  years  and  are  makii^ 
preparations  for  more  extensive  work« 


116  MINEBAL  BESOUBOBS   OF   SOUTH WESTEBN   OBEGON. 

Farther  down  the  river,  especially  at  Paradise  Bar  and  Big  Bend, 
a  number  of  other  companies  have  operated  more  or  less  extensively, 
but  none  of  them  appear  to  have  been  successful. 

APPLEGATE  DI8TBZ0T. 

The  chief  mines  of  the  Applegate  district  are  located  on  small 
streams  flowing  into  Appl^ate  River.  The  most  important  are  the 
Lay  ton  mine,  on  Ferris  Gulch;  the  Johnston  and  the  Benson  xoines, 
on  Humbug  Creek;  and  the  Brantner  mine,  near  the  mouth  of  Keeler 
Creek. 

LAYTON   MINE. 

The  Layton  mine  is  part  of  the  estate  of  J.  F.  Layton.  The  aver- 
age thickness  of  the  gravels  is  about  25  feet  and  the  width  from  rim  to 
rim  of  the  pay  channel  is  more  than  200  feet.  In  much  of  the  material 
the  pebbles  are  less  than  6  inches  in  diameter  and  are  generally  sub- 
angular.  The  largest  bowlders  are  in  the  bottom  of  the  deposit  and 
in  places  are  considerably  decomposed.  Most  of  the  gold  is  found  in 
an  old  channel  about  15  feet  below  the  level  of  the  present  stream 
bed.  In  this  channel  the  fall  is  about  4  feet  in  100  feet.  The  gold 
in  general  is  in  small  flakes,  but  nuggets  are  also  foimd.  The  bed- 
rock is  greenstone,  which  in  places  is  distinctly  vesicular  and  greatly 
fractured  and  veined,  some  of  the  veinlets  being  as  much  as  4  inches 
in  width.  Narrow  bands  of  slaty  rock  are  interbedded  with  the  vol- 
canic rocks,  which  strike  about  N.  40°  E.  and  dip  to  the  southeast. 

Mining  is  carried  on  each  year  from  February  until  September. 
The  early  miners  had  a  small  dit<;h  ynth  a  head  of  100  feet,  but  Mr. 
Layton  put  in  two  ditches,  the  upper  of  which  is  21  miles  long  and 
the  lower  18  miles.  The  water  of  both  ditches  comes  from  Williams 
Creek.  Two  giants  are  used  under  a  head  of  about  300  feet.  Five 
men  arc  generally  employed,  and  the  amount  mined  off  each  year  is 
somewhat  more  than  1  acre.  The  property  was  secured  by  the 
present  owTiers  in  1877  and  smce  that  date  mhiing  has  been  carried 
on  each  year.  A  considerable  area  of  good  ground  remains  to  be 
washed. 

JOHNSTON   MINE. 

The  Johnston  mine  is  in  sec.  11,  T.  38  S.,  R.  4  W.,  at  the  junction 
of  the  west  branch  with  the  main  Humbug  Creek.  The  present 
owner  is  W.  II.  Johnston.  The  bank  averages  about  8  feet  in  thick- 
ness and  contams  considerable  clay,  in  which  most  of  the  gold  is 
found.  Bowlders  of  greenstone  and  granodiorite  from  6  inches  to 
more  than  8  feet  in  diameter  are  present.  Much  of  the  mining  has 
been  confined  to  the  bed  of  the  stream.  The  bedrock  consists  of 
fine-gramed  greenstone,  much  fractured  and  veined.  The  mine  is 
equipped  for  hydraulicking,  the  waters  being  brought  from  Humbug 
Creek.     The  supply  of  water  is  so  scanty  that,  in  general,  the  mine 
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can  not  be  operated  for  more  than  three  months  each  year.  Mming 
has  been  done  on  this  stream  for  more  than  30  years,  during  which 
time  more  than  30  acres  has  been  worked. 

BENSON  MINE. 

The  Benson  mine,  owned  by  S.  L.  Benson,  is  on  Humbug  Creek  in 
sec.  14,  T.  38  S.,  R.  4  W.  The  property  comprises  about  1  mile  of 
the  stream  bed.  The  -gravels  are  about  20  feet  in  thickness  and 
contain  many  large  angular  and  subangular  bowlders,  which  are 
rather  uniformly  distributed  throughout  the  section  of  the  deposit. 
The  gold  is  found  mainly  in  the  bottom.  The  bedrock  is  greenstone. 
This  mine  has  been  in  operation  for  many  years,  but  was  not  equipped 
for  hydrauhcking  until  the  spring  of  1908. 

BRANTNER  MINE. 

The  Brantner  mine,  owned  by  D.  H.  Mansfield,  is  on  Applegate 
River  near  the  mouth  of  Keeler  Creek.  In  the  present  workings  the 
sands  and  gravels  have  a  thickness  of  30  to  35  feet  and  show  distinct 
stratification.  Many  large  angular  and  subangular  bowlders,  chiefly 
of  greenstone  and  comparatively  unaltered,  are  found  at  and  near  the 
base  of  the  deposit.  All  the  material  above  this  is  fairly  well  rounded 
and  contains  few  bowlders.  The  surface  of  the  terrace  now  being 
worked  is  about  40  feet  above  Applegate  River.  The  bedrock  is 
decomposed  greenstone.  The  mine  is  equipped  for  hydraulicking 
the  water  used  having  a  pressure  of  about  100  feet,  and  there  is  suffi- 
cient water  to  operate  the  mine  for  about  three  months  in  the  year. 
The  large  bowlders  are  handled  by  derrick.  Altogether  more  than 
20  acres  have  been  mined,  and  considerable  good  ground  remains  to 
be  washed. 

WILLIAMS  CBSEK  DIBTBIOT. 

The  chief  placer  mines  in  the  Williams  Creek  district  are  the 
Horsehead  mine,  on  a  branch  of  Williams  Creek;  the  Miller  &  Savage 
mine,  on  Miller  Creek;  and  the  Oscar  placer,  on  Oscar  Creek. 

HORSEHEAD  MINE. 

The  Horsehead  mine,  owned  by  Alexander  Watt,  is  in  the  SE.  J 
sec. 21,  T.  38  S.,  R.  5  W.  The  gravels  range  in  thickness  from  a 
few  feet  to  30  feet,  with  an  average  of  about  18  feet.  The  deposit 
contains  many  angular  and  subangular  bowlders  considerably  more 
than  1  foot  in  diameter  which  are  somewhat  uniformly  distributed 
throughout  the  section.  Many  of  the  bowlders  are  greenstone,  but 
some  are  granodiorite.  The  &aer  materials  are  of  a  grayish  to  red- 
dish color.  The  gold  is  distributed  through  the  gravels  and  as  a 
rule  it  is  fine.  The  bedrock  is  granodiorite  which  has  been  fractured 
and  crushed  and  in  places  has  been  disintegrated  and  decomposed  to 
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a  depth  of  more  than  10  feet.  An  area  of  more  than  10  acres  has 
been  mined.  The  property  is  equipped  for  hydrauliddng.  The 
water  is  brought  from  Munger  Creek,  the  ditch  being  8  miles  long. 

MILLER   A  SAVAGE  MINE. 

Tte  Miller  &  Savage  mine  is  on  Miller  Creek  in  sec.  25,  T.  37  S., 
R.  5  W.  The  gravels  range  in  thickness  from  6  to  30  feet,  the  average 
being  about  18  feet.  Many  bowlders  exceeding  1  foot  in  diameter 
are  present,  the  largest  being  at  the  bottom  of  the  deposit.  The  gold 
is  mostly  fine,  but  nuggets  of  large  size  have  been  found.  The  largest 
nugget,  which  was  found  several  years  ago,  is  said  to  have  weighed 
more  than  13  ounces.  The  mine  is  equipped  for  hydraulicking.  The 
present  owners  have  mined  each  year  since  1904,  and  considerable 
good  ground  remains  to  be  washed. 

OSCAR  CREEK  MINE. 

The  Oscar  Creek  mine,  comprising  more  than  300  acres,  is  on  Oscar 
Creek,  a  small  stream  which  flows  into  Applegate  River.  The  gravels 
have  an  average  thickness  of  about  12  feet  and  contain  many  rounded 
bowlders  of  medium  size.  The  materials  are  not  strongly  cemented. 
The  gold  is  found  in  flakes  and  in  nuggets.  The  equipment  consists 
of  two  giants,  1,100  feet  of  pipe,  300  feet  of  flmne,  and  3  miles  of 
ditches.  The  supply  of  water  is  suflicient  to  carry  on  operations  for 
about  four  months  of  the  year.  It  is  said  that  the  property  has  pro- 
duced more  than  $35,000. 

ALTHOirSE  AND  SITCKER  CREEKS  DISTRICT. 

From  tlie  gravels  of  Althouse  and  Sucker  creeks  a  large  amount  of 
gold  was  washed  in  the  early  days  of  placer  mining  in  Oregon,  but 
for  several  years  the  production  has  not  been  gi*eat,  as  the  best 
ground  was  worked  many  years  ago.  During  1907  the  production  of 
the  streams  of  this  district  probably  did  not  exceed  $6,000.  There 
are  no  large  mines,  but  numerous  small  ones,  among  which  are  the 
Jumbo,  the  Mountain  Slide,  the  Slide,  and  the  Yeager,  on  Sucker 
Creek  and  its  branches.  On  Althouse  Creek  some  work  is  being 
done  on  the  Layman  property,  and  recently  the  Klamath  Develop- 
ment Co.  acquh'cd  eight  claims  near  Grass  Flat.  vSome  new  ground 
was  also  being  opened  in  1911  at  the  mouth  of  Portuguese  Gulch,  a 
small  branch  of  Althouse  Creek  near  its  head. 

WALDO  DISTRICT. 
DEVELOPMENT. 

In  the  Waldo  district  there  are  three  important  placer  mines,  the 
High  Gravel  or  Allen  Gulch  mine,  the  Deep  Gravel  mme,  and  the 
Logan,  Simmons  &  Cameron  mine.  Of  these  the  Logan  mine  has 
been,  at  least  in  recent  years,  the  most  important  producer. 
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After  prospecting  portions  of  the  extensive  gravel  placers  north  of 
Waldo  the  three  mines  mentioned  were  pmx^hased  several  years  ago 
by  the  Waldo  Consolidated  Gold  Mining  Co.  of  Oregon.  The  property 
controlled  is  said  to  embrace  4,000  acres  of  hydraulicking  ground, 
and  the  Logan  mine  for  some  time  was  operated  by  this  company. 

The  High  Gravel  mine  is  in  gravel  of  Cretaceous  age  and  is  described 
on  pages  94-05.  The  Deep  Gravel  and  Logan  mines,  although  partly 
on  gravel  of  Cretaceous  age,  are  mainly  in  gravel  of  the  third  cycle  of 
erosion  and  will  be  described  here. 

DEEP  GRAVEL  MINE. 

The  Deep  Gravel  mine  is  about  1  mile  northwest  of  Waldo.  The 
property  comprises  about  560  acres  in  sees.  20,  21,  and  28,  T.  40  S., 
R.  8  W.,  and  was  until  recently  owned  by  the  Deep  Gravel  Mining 
Co.  The  main  workings  are  in  Butcher  Gulch  and  its  tributary 
gulches.  The  gravels  of  these  gulches  are  included  in  a  bench  which 
extends  from  the  head  of  Butcher  Gulch  to  the  west  fork  of  Illinois 
River.  The  upper  limit  of  the  bench  is  about  IJ  miles  from  the 
west  fork  and  about  125  feet  higher  than  the  bed  of  this  stream. 
The  most  recent  workings  are  in  Joe  Smith  Gulch,  an  eastern  tributary 
of  Butcher  Gulch,  where  an  area  of  more  than  10  acres  has  been 
mined.  At  the  upper  end  of  these  workings  the  gravels  are  about 
12  feet  in  thickness.  At  the  lower  end  they  are  more  than  60  feet 
thick,  and  the  bank  consists  of  gravel  and  sand  containing  practically 
no  bowlders,  except  in  the  lowest  10  feet.  Even  there  few  bowlders 
exceed  1  foot  in  diameter.  Stratification  is  well  shown.  The  bed- 
rocks in  Joe  Smith  Gulch  consist  of  purplish  conglomerates  of  Creta- 
ceous age,  similar  to  the  conglomerates  that  are  being  mined  at  the 
High  Gravel  mine.  As  these  conglomerates  of  the  Deep  Gravel 
mine  have  not  yet  been  well  prospected,  their  gold  content  is  not 

known. 
The  mine  pit  of  Joe  Smith  Gulch  is  1,500  feet  from  the  west  fork  of 

Illinois  River.     The  elevation  of  the  bedrock  in  the  mine  pit  is  more 

than  30  feet  below  the  stream  bed  of  the  west  fork,  a  fact  that  has 

greatly  increased  the  difficulties  of  mining,  necessitating  the  use  of  a 

hydraulic  elevator,  which  is  situated  at  the  lower  end  of  a  sluice 

with  riffles.     The  pay  gravel  from  the  bank  is  first  washed  through 

the  sluice,  the  coarse  gold  being  caught  on  the  riffles.    Then  the 

material,  including  the  fine  gold,  is  carried  up  46  feet  by  the  elevator, 

the  water  pressure  used  being  about  200  feet.    At  the  head  of  the 

elevator  is  a  4-foot  flume,  400  feet  in  length,  in  which  are  wooden 

riffles  placed  about  1^  inches  apart,  and  parallel  to  the  length  of  the 

flume.    A  beveled  steel  strip  is  attached  to  the  upper  surface  of 

each  riffle.     Those  steel  strips  are  slightly  wider  than  the  riffles,  and 

when  they  are  set  in  place,  are  about  three-fourths  of  an  inch  apart. 
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A  clean-up  is  made  about  once  a  month.  The  gold  ib  saved  by 
amalgamation,  and  is  very  fine.  The  concentrates  are  sold  for 
their  value  in  platinum,  osmium,  and  iridium. 

The  water  used  in  the  pit  and  in  the  elevator  is  brought  by  two 
ditches  from  the  east  fork  of  Illinois  River.  The  longer  ditch  is  about 
4  miles  in  length.  A  race  about  7,000  feet  long  was  used  for  many 
years  when  the  gravels  being  mined  were  at  an  elevation  greater 
than  that  of  the  outlet  of  the  race.  At  present  only  the  lower  end 
is  used. 

The  history  of  the  Deep  Gravel  mine  dates  back  for  more  than  30 
years.  The  first  owners  were  Qeorge  and  Walter  Simmons.  In 
1878  TVimer  &  Sons  bought  a  half  interest,  and  in  1888  they  secured 
all  rights  to  the  property.  In  1900  the  Deep  Gravel  Mining  Oo. 
became  the  owner,  and  sold  it  to  the  Waldo  (Consolidated  Gold  Mining 
Co.  of  Oregon. 

LOGAN,   BDCMONS  4t  GAMSROK  IONS. 

The  Logan,  Simmons  &  Cameron  mine,  one  of  the  laigest  plaoecs 
in  the  State,  is  northeast  of  Waldo,  the  present  workings  being  in 
sec.  22,  T.  40  S.,  R.  8  W.  The  recent  workings  are  on  French  Flat, 
where  about  3  acres  have  been  mined.  Here  the  bank  consists  of 
gravel,  sand,  and  clay,  the  thickness  ranging  from  a  few  feet  to  16 
feet.  Much  of  the  material  is  fine;  only  a  few  bowlders  are  present, 
nearly  all  of  which  are  less  than  6  inches  in  diameter.  The  bedrock 
is  purplish  Cretaceous  conglomerate,  which  has  been  fractured, 
fissured,  and  to  some  extent  veined.  The  slope  of  the  bedrock  is 
very  gentle. 

An  elevator  raises  the  material  38  feet.  The  water  from  one  of  the 
three  ditches  has  a  pressure  of  325  feet  and  is  used  in  the  elevator; 
that  from  another  is  used  in  two  giants  in  the  pit;  and  that  from  the 
third  is  used  in  forcing  the  tailings  from  the  end  of  the  sluice  at  the 
head  of  the  elevator.  Mining  is  carried  on  for  about  eight  months  of 
the  year. 

The  old  workings  on  this  property  are  in  Carroll  Slough,  more  than 
a  mile  north  of  the  present  pit  on  French  Flat.  The  gravels  have 
been  mined  in  a  north-south  direction  for  more  than  a  mile.  The 
average  width  of  the  cut  is  about  one-eighth  mile,  the  average  depth 
about  18  feet.  The  bedrock  is  made  up  in  some  places  of  serpentine 
and  in  others  of  Cretaceous  conglomerates  and  sandstones. 

This  mine  has  been  operated  for  about  25  years,  but  not  until  a 
few  years  ago  was  work  begun  on  French  Flat,  where  there  is  a  con- 
siderable area  of  auriferous  gravels. 

JOBXPHnrB  CBSEK  DZSTBZCT. 

Josephine  Creek  drains  an  area  of  contacts  between  greenstone  cut 
by  serpentine  and  serpentine  penetrated  by  many  small  dikes,  chiefly 


PLACES  MINES.  121 

of  dacite  porphyry.    Vein  deposits,  locally  with  rich  pockets,  have 
cittracted  much  attention  through  the  richness  of  the  placers. 

Josephine  Creek  Ues  wholly  in  serpentine,  and  its  gravel  bed  con- 
tsioB  very  Uttle  gold  above  the  mouth  of  Canyon  Creek  as  compared 
-mth  the  amount  foimd  below  that  point,  where  the  gold  is  con- 
tributed mainly  by  Canyon  Creek,  Fiddlers  Gulch,  and  Days  Gulch, 
m^hich  come  in  from  the  contact  region  on  the  northwest. 

The  placers  of  Josephine  Creek,  considering  the  length  of  the 
stream,  are  numerous  and  though  generally  hydrauUc  are  not  large. 
They  have  long  been  active  and  will  so  continue  for  many  years  to 

come,  owing  chiefly  to  the  Umitations  in  the  water  supply  and  to  the 

more  or  less  firmly  cemented  condition  of  the  gravel,  which  renders 

mining  difhcult  and  progress  slow. 
The  greater  portion  of  the  present  bed  of  Josephine  Creek  and  its 

branches  was  mined  out  many  years  ago  and  on  account  of  the 

cemented  condition  of  the  benches  there  was  much  drifting  by  the 

early  miners.    The  principal  creek-bed  placer  is  on  Canyon  Creek, 

1  mile  below  the  forks  at 

Rich  Gulch  (102  on  PL  VI,  c 

p.   46),  where   the  valley 

widens  somewhat  on  the 

entrance  of  a  small  stream    fiou»e  2i.-cros8-8«tioii  profile  of  jo»n>w>w  cwa. 

from  the  west.  ManV  acres  ^*  VaUey  b«low  mouth  of  Flddlen  Oulch,  ahowlDg  temon 
,  .  '.       1  .  30  feet  (b)  and  150  feet  (e)  above  the  streani. 

have  been  nuned  over,  m 

some  places  three  times  on  the  stream  bed  and  low  benches,  and 
considerable  josephinite  is  said  to  have  been  found  with  the  gold  at 
this  locality. 

Farther  down  Canyon  Creek  and  on  Josephine  Creek  the  mining 
is  now  for  the  most  part  limited  to  the  higher  and  harder  coarse 
gravel  benches,  of  which  there  are  large  terraces  near  the  junction  of 
Canyon  and  Josephine  creeks  where  the  Bowden  (106),  China  Bow 
(105),  and  other  mines  have  been  operating.  (See  PI.  VI,  p.  46.) 
From  this  point  promment  terraces  border  Josephine  Creek  to  its 
mouth.  The  cross  section  (fig.  21)  shows  the  relation  of  the  terraces 
to  the  present  stream. 

The  30-foot  terrace  (2,  fig.  21)  is  in  places  100  feet  wide.  Its 
gravel,  4  to  30  feet  thick,  is  composed  chiefly  of  serpentine  and  green- 
stone pebbles  and  a  few  bowlders.  It  is  not  cemented  and,  being 
rich  and  easily  worked,  like  the  present  stream  bed,  it  has  been 
completely  mined  out.  The  150-foot  terrace  is  capped  by  6  to  25 
feet  of  gravel,  which  near  the  surface  is  generally  decomposed  and 
is  red  or  yellowish,  but  below  that  point  the  gravel  contains  more 
light-colored  pebbles  of  granitic  rock  and  is  more  or  lees  firmly 
cemented.  Bowlders  are  conmion,  and  the  cemented  gravel  is  used 
as  a  false  bedrock  in  mining  off  tJie  rotten  portion,  which  is  about 
12  feet  in  thickness. 
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The  milling  of  the  decomposed  surface  portion  of  the  cemented 
gravel  on  the  150-foot  terrace  at  four  places  (see  PL  VI,  p.  46 ;  Bowden, 
106;  Gold  King,  108;  Gold  Leaf,  109;  Illinois  and  Josephine,  110) 
within  2  miles  of  the  mouth  of  Canyon  Creek  is  evidence  that  these 
cemented  coarse  gravels,  composed  chiefly  of  serpentine  and  green- 
stone cobblestones,  contain  gold.  Concerning  this  matter,  Mr. 
B.  F.  Hogue,  of  Kerby,  Oreg.,  who  has  been  a  practical  miner, 
informs  me  that  he  has  blasted  the  cemented  gravel,  removed  the 
bowlders,  and  crushed  and  washed  the  remainder,  the  average 
return  being  $1.40  a  day.  Two  cubic  yards  that  he  had  measured 
and  tested  averaged  70  cents  each.  Though  much  of  the  cement 
contains  little  gold,  perhaps  as  little  as  6  cents  per  cubic  yard,  other 
portions  of  it  are  much  richer.  On  the  left  bank  of  Canyon  Creek, 
where  Mr.  Hogue  mined  a  mass  that  measured  6  by  8  by  16  feet,  he 
got  $45,  which  is  an  average  of  nearly  $1.60  a  cubic  yard.  This 
amount  is  exceptionally  high  and  tends  to  raise  the  general  average. 
Though  it  is  certain  that  gold  can  be  won  economically  from  the 
weather-softened  cemented  gravel,  the  weather  softening  is  an  ex- 
ceedingly slow  and  irregular  process.  On  the  other  hand,  the  gold 
does  not  appear  to  be  sufficiently  plentiful  to  warrant  the  more 
expensive  method  of  milling. 

ILLnrOIS  RIVER  DISTRICT. 

In  the  Illinois  River  valley  there  are  two  groups  of  placers,  one  in 
the  vicinity  of  Waldo  (see  pp.  118-120)  and  the  other  scattered  along 
the  river  below  the  mouth  of  Josephine  Creek.  The  most  important 
mines  of  the  latter  group  are  the  Anderson  &  Wilson  mine  and  the 
mine  at  the  mouth  of  Sixmile  Creek. 

ANDERSON    A.   WILSON   MINE. 

On  the  right  bank  of  Illinois  River,  just  below  the  mouth  of  Joseph- 
ine Creek,  there  is  a  prominent  gravel  bench  which  extends  down 
the  river  with  slight  interruptions  for  nearly  2  miles.  On  this  bench, 
one-third  of  a  mile  below  the  mouth  of  Josephine  Creek,  is  the  small 
opening  of  the  Ray  mine  (88,  PL  VI,  p.  46),  now  idle,  on  a  gravel 
plain  200  yards  in  width  with  gravel  10  to  18  feet  in  thickness. 

A  short  distance  beyond  the  Ray  mine  a  shoulder  of  serpentine 
juts  toward  the  river  and  forms  an  embankment  beyond  which 
accumulated  the  large  body  of  gravel  so  extensively  worked  in  the 
Anderson  &  Wilson  mine,  which  extends  along  the  river  for  nearly 
half  a  mile. 

Mining  has  been  carried  on  in  this  placer  for  many  years  under  the 
management  of  G.  E.  Anderson.  Work  was  begun  on  the  bar  and 
low  benches  on  the  north  and  gradually  extended  south  to  the 
higher  benches  adjoining  the  serpentine  shoulder. 
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From  the  lower  benches  and  bar  the  mining  extended  across  the 
rirer  and  included  portions  of  Cow  Flat,  which  was  not  only  rich  in 
gold  but  also  in  platinum.  On  the  lower  benches  the  gravels  are 
about  20  feet  thick  and  in  places  have  been  mined  for  a  distance  of 
<me-eighth  of  a  mile  back  from  the  stream;  where  the  slope  rises 
steeply  and  the  limit  of  the  bench  is  reached.  The  sand  and  gravels 
are  of  a  buff  color  and  well  stratified.  The  lai^est  bowlders  lie  in 
the  lower  6  feet  of  the  deposit. 

More  recent  work  has  been  done  on  a  bench  of  serpentine  south  of 
the  one  described  and  about  75  feet  above  the  river.  The  gravel  of 
this  bench  is  in  some  places  35  feet  thick.  The  lower  6  feet  of  well- 
rounded  gravel  contains  some  bowlders.  It  is  overlain  by  10  f  jot  of 
finer  gravel  and  above  this  comes  20  feet  of  coarser,  rather  angular 
red  gravel  with  fragments,  the  largest  of  which  is  3  to  6  inches  in 
diameter.  The  bottom  gravel  is  composed  chiefly  of  siliceous  rocks, 
but  the  upper  10  feet  is  largely  serpentine  overwash  from  the  hillside. 
A  grizzly  is  used  in  mining  this  terrace  to  pile  up  the  gravel,  and  a 
small  portion  of  the  cemented  gravel  at  the  bottom  is  left  on  the 
bedrock. 

The  gravel  of  the  highest  terrace  worked  in  the  season  of  1910-11, 
at  the  south  end  of  the  mine  is  irregular,  much  oxidized,  and  de- 
composed. 

The  mine,  including  all  the  terraces,  covers  approximately  50  acres, 
and  by  far  the  greater  part  of  the  available  gravel  has  been  removed. 
The  water  for  the  mine  comes  from  Fiddlers  Gulch.  A  bridge  carries 
it  across  the  river  in  a  14-inch  pipe  and  delivers  it  on  the  lower  ter- 
races with  a  head  of  200  feet.  Recently  G.  E.  Anderson  has  installed 
a  Ruble  elevator  and  rearranged  his  entire  hydraulic  plant. 

A  mile  farther  down  the  river  on  the  left  bank  is  a  large  terrace, 
75  to  100  feet  above  the  river,  opposite  the  mouth  of  Deer  Creek. 
The  terrace  is  capped  by  gravel  that  has  been  partly  mined  by 
G.  E.  Anderson  in  the  Coonskin  claim. 

SIXHILE   CREEK   MINE. 

Below  the  mouth  of  Deer  Creek  there  are  several  small  placers 
near  the  river  level,  but  a  larger  one  was  operated  some  years  ago 
on  a  bench  at  the  mouth  of  Sixmile  Creek,  between  500  and  600  feet 
above  the  river.  The  bench  is  longest  parallel  to  the  river.  About 
an  acre  of  the  gravel  capping  has  been  washed  away,  leaving  the 
greater  portion  in  place.  The  gravel  is  20  feet  thick,  moderately 
coarse,  and  in  part  decomposed.  The  bedrock  is  serpentine,  but 
has  not  furnished  many  pebbles. 

A  prominent  terrace,  corresponding  approximately  to  that  of  the 
Sixmile  Creek  mine,  occurs  at  several  points  along  the  river  trail 
above  the  mouth  of  Sixmile  Creek.    The  gravel  capping  exposed  in 
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some  of  the  gulches  is  thick  and  a  considerable  portion  is  cemented 
firmly,  reminding  one  of  the  old-channel  gravel  on  Briggs  Creek. 
This  high  terrace  of  cemented  gravel  occurs  at  a  point  wliare  tne 
old  channel  might  be  expected  to  leave  the  present  coarse  of 
Illinois  River  (see  p.  98),  and  it  is  possible  that  it  is  a  remnant  of  the 
old  channel  of  the  Illinois  to  Rogue  River  at  Oalioe.  There  appears 
to  be  a  large  mass  of  gravel  on  top  of  this  terrace,  and  I  saw  no 
place  where  it  had  been  fairly  tiested. 

BSKKM  OSSIK  USTSZOT. 

Briggs  Creek  lies  in  the  course  of  the  old  channel  between  Galice 
Creek  and  Illinois  River.  Thou^  the  canyon  is  narrow  and  rugged 
and  the  gravel  bodies  are  less  continuous,  a  number  of  small  sluices 
and  hydraulic  placers  are  worked  during  the  rainy  season.  The 
bedrock  is  generally  greenstone,  in  contrast  with  that  of  Oalioe  Creek. 

The  John  West  mine,  near  the  Old  Dasher  place  and  the  mouth  of 
Soldier  Creek,  is  on  a  bench  25  feet  above  the  creek.  The  bench  is 
100  feet  wide  and  capped  by  8  feet  of  gravel.  Water  is  obtained  at  a 
160-foot  head  throu^  a  3-inch  nozzle.  Emerson  &  Fick  are  located 
on  Red  Dog  Creek,  and  Coons  &  McDow  work  placers  on  the  lower 
bench  of  Onion  Creek.  The  last  two  mines  are  near  gulches  that 
head  against  the  old  channel  capping  about  Column  Rock,  from 
which  they  are  supposed  to  derive  coarse  gold. 

Farther  up  Briggs  Creek  is  the  Courier  mine,  and  above  it  lies  a 
mine  of  seven  clahns  owned  by  Robert  F.  Miller.  The  Miller  mine 
is  opened  up  in  a  pit  of  about  1^  acres.  Red  earth,  sand,  and  gravel, 
20  feet  thick,  overlie  5  feet  of  coarse  gravel.  The  gold,  though  f oimd 
chiefly  in  the  coarse  gravel,  is  scattered  through  the  mass  and  is 
supposed  to  come  from  the  north,  where  a  great  body  of  serpentine 
borders  the  greenstone.  On  a  side  stream  in  the  neighborhood  of  the 
contact  is  the  W.  H.  Barr  mine,  which  was  not  seen. 

PLAOEBS  ON  RESIDUAL  DEPOSITS. 

In  the  spring  of  1911  there  was  considerable  excitement  over  the 
reported  discoveries  of  rich  ground  on  the  Higgins  and  other  claims, 
about  20  miles  by  trail  northwest  of  Kerby.  The  gold  was  won 
chiefly  by  washing  the  residual  deposits  on  mineralized  contacts 
between  serpentine  and  greenstone.  As  the  placer  mining  is  con- 
sidered by  the  miners  to  be  merely  incidental  to  the  discovery  and 
development  of  lode  mines,  these  mines  were  noted  in  this  paper 
under  the  lode  mines,  but  the  placer  phase  is  of  so  much  importance 
that  special  attention  is  called  to  it.  In  fact  it  is,  at  least  to  the 
local  miner,  one  of  the  most  important  phases  of  mining  in  southwest 
Oregon.  The  residual  earthy  deposits  along  the  contacts  of  ser- 
pentine and  greenstone  should  be  thoroughly  prospected. 
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The  Higgins  mine  ia  the  most  widely  known  example  of  this 
phase,  but  the  same  method  has  been  successfully  applied  by  T.  M. 
Anderson  and  is  being  installed  at  the  Casey  mine  on  Rancherie 
Creek  and  the  Miller  mine  on  Baby  Foot  Creek,  as  well  as  elsewhere 
in  the  same  region.  In  the  divide  regions  water  is  most  difficult  to 
find,  but  generally  a  large  amount  of  it  is  not  needed. 

BEACH   PLACEBS. 

DEvzLOPMzirT  OF  HnmrG. 

The  fine  gold  of  the  Oregon  beach  sand  has  attracted  much  atten- 
tion for  years  and  many  attempts,  more  or  less  successful,  have  been 
made  to  mine  it.  In  Oregon  gold  was  first  discovered  along  the  beach 
at  Port  Orford  and  the  mouth  of  Whisky  Rim,  where  work  was  com- 
menced in  1852.  Four  years  later  the  miners  prospected  the  rivers, 
and  work  on  the  elevated  beaches  at  the  eastern  edge  of  the  coastal 
plain  at  the  Blanco  and  the  Sixes  mines  followed  in  1871.  The 
beach  mines  were  rich  in  places  and  were  extensively  worked. 

In  nature's  assorting  process  on  the  beach  the  heavy  minerals  get 
together  and  many  of  them  are  black,  so  that  black  sand  has  come 
generally  to  be  regarded  as  auriferous.  The  successful  mining  of 
black  sands  depends  on  the  saving  not  only  of  the  gold  but  all  the 
other  valuable  minerals  it  contains.  Among  the  accessory  minerals 
platinima  is  the  most  important  and  will  be  considered  later  by 
itself. 

The  most  important  beach-mining  locaUties  of  Oregon  are  in  the 
vicinity  of  Bandon  and  Cape  Blanco. 

BAimOir  DISTBICT. 

Many  years  ago  the  beach  mines  were  of  much  importance  in  the 
Bandon  region,  especially  those  near  the  mouth  of  Whisky  Run. 
Occasionally  a  man  would  take  out  as  much  as  $100  a  day,  but 
generally  the  gold  was  so  fine  that  it  was  saved  with  great  difficulty. 
At  the  present  time  the  outlook  is  much  more  encouraging.  Mr.  J.  A. 
Gardner,  of  Bandon,  Or^.,  wrote  me  on  May  29,  1912,  that  he  was 
using  with  a  good  degree  of  success  two  of  Eccleston's  tension  con- 
centrators at  the  mouth  of  Gold  Run,  and  it  appeared  that  at  last  a 
successful  method  had  been  found  to  work  these  deposits  not  only 
on  the  present  beach  but  also  on  the  elevated  beaches. 

The  most  extensive  elevated  beach  mining  in  the  Bandon  region 
was  carried  on  some  years  ago  6  miles  northeast  of  Bandon  at  the 
foot  of  a  bluff  extending  from  Threemile  Creek  to  the  head  of  the 
Lagoons.  The  plain  at  the  base  of  the  sea  cliff  is  about  200  feet 
above  sea  level,  and  the  black  sand  Ues  about  30  feet  below  the 
level  of  the  plain;  that  is,  at  an  elevation  of  about  170  feet  above 
the  present  sea  level. 
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In  the  Rose  mine,  worked  at  that  time,  the  bedrock  shale  was 
laid  bare  and  the  black  sand  well  exposed.  It  generally  lies  next  to 
the  bedrock  and  stretches  along  the  foot  of  the  bluff  for  several  miles. 
The  belt  of  black  sand  is  about  150  feet  wide.  In  cross  section  it  is 
lenticular  in  shape,  about  4  feet  thick  in  the  middle,  tapering  to  an 
edge  on  each  side,  with  the  coarsest  material,  including  gold,  near  the 
landward  border,  where  it  is  highest  and  represents  the  most  vigorous 
wave  action.  On  account  of  the  thick  coating  (30  feet)  of  sand  and 
gravel  which  overlies  the  black  sand  an  attempt  was  made  to  remove 
the  aiuiferous  sand  by  means  of  tunnels.  Logs  and  bowlders  of 
various  sizes  are  found  occasionally  in  the  black  sand. 

The  mineral  composition  of  black  sand  varies  with  each  locality, 
but  at  the  one  under  consideration  it  is  composed  chiefly  of  garnet, 
magnetite,  ilmenite,  and  chromite  with  a  smaller  amount  of  zircon, 
epidote,  and  a  few  other  minerals.  Grold-is  generally  found  more 
or  less  abundantly,  and  platinum  with  iridosmine  is  locally  foimd 
in  small  quantities  among  the  heavy  concentrates.  These  metals 
should  elwBjs  be  looked  after,  for  if  abundant  they  pay  well  for 
mining. 

CAPS  BLAVOO  DISTRICT. 

The  Cape  Blanco  district  includes  the  small  beach  placers  at  Port 
Orford  and  Ophir  to  the  south  as  well  as  the  elevated-beach  mines, 
the  Blanco  and  the  Sixes  mines,  which  he  a  few  miles  to  the  east 
and  northeast,  respectively. 

The  Blanco  mine  is  about  midway  between  Port  Orford  and  Lang- 
lois,  along  the  inner  border  of  the  coastal  plain,  at  the  foot  of  Madden 
Butte,  in  the  NE.  J  sec.  4,  T.  32  S.,  R.  15  W.  When  last  seen  it  was 
operated  by  Mr.  Cyrus  Madden  with  about  500  feet  of  sluices  and  7 
burlap  tables  for  catching  the  fine  gold,  which  constitutes  about  half 
the  total  product.  Platinum  metals  occur  with  the  gold  at  this  point 
and  are  about  one-twentieth  as  abundant.  The  section  exposed  in 
the  mine  includes  about  8  feet  of  wind-blown  material  next  to  the 
surface,  below  which  Ues  12  to  20  feet  of  sand  with  small  black  layers 
and  some  gravel.  Some  of  the  dark  layers  are  coated  by  oxide  of 
iron,  and  one  of  these  is  used  as  a  bedrock  on  which  to  wash  the 
overlying  material.  The  real  bedrock,  which  lies  10  feet  below,  is 
Cretaceous  shale,  but  it  is  too  low  for  drainage  across  the  plain.  The 
working  season  usually  lasts  six  months,  from  November  to  May, 
and  the  mine  from  1898  to  1900  yielded  over  $1,100  annually.  The 
beds  of  sand  and  gravel  of  the  ancient  beach  dip  gently  (10°)  west- 
ward and  overlap  the  older  rocks  at  the  base  of  Madden  Butte.  The 
mine  already  covers  an  area  of  several  acres,  and  there  is  reason  to 
expect  that  it  vnW.  continue  profitable  farther  along  the  shore,  espe- 
cially at  deeper  levels,  if  possible  to  drain  to  bedrock. 
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The  Sixes  mine  is  located  about  2)  miles  south  of  Demnark,  near 
the  Hne  between  sees.  27  and  34,  T.  31  S.,  R.  15  W.,  and  is  operated 
by  Mr.  W.  P.  Butler,  of  Lakeport,  Cal.  Like  the  Blanco  mine,  it 
lies  along  the  eastern  border  of  the  coastal  plain,  at  an  altitude  of 
nearly  200  feet  above  sea  level.  The  mine  covers  about  an  acre  and 
has  a  depth  below  the  surface  of  about  12  feet,  exposing  along  the 
eastern  border  the  following  section: 

Section  of  the  Sixes  mine^  H  miles  south  of  Denmark. 

Feet. 

Surface  material,  wind-blown  sand  and  soil 5 

Gray  sand  with  bowldern 2 

Black  Band  with  bowlders 2J 

The  whole  9i  feet  of  material  is  more  or  less  distinctly  stratified 
and  dips  gently  westward,  away  from  the  shore,  which  is  formed  of 
crushed  sandstone  and  shale  of  Cretaceous  age.  This  bedrock  series 
is  well  exposed  in  the  eastern  portion  of  the  mine  and  contains  rock 
oyster  borings.  The  decomposed  fine  sediments  yield  tough  bluish 
clay,  which  on  the  surface  for  6  inches  or  so  is  stained  reddish  and 
becomes  more  granular,  affording  a  good  bedrock  for  mining.  The 
gravel  is  washed  into  a  pool  and  raised  15  feet  by  a  hydraulic  elevator 
to  get  drainage  for  sluicing  and  tables.  Much  of  the  gold  is  fine  and 
is  associated  with  platinum  metals  in  sufiicient  quantities  to  make 
the  saving  of  them  a  matter  of  some  importance. 

The  lack  of  adequate  water  supply  and  good  drainage  renders 
mining  so  expensive  as  to  retard  the  development  of  hydraulic  min- 
ing along  this  promising  old  beach.  It  would  seem  to  be  an  encour- 
aging locaUty  to  test  by  a  modem  dredge. 

ECKZ8  MXHE. 

On  the  Meeks  mine,  near  Port  Orford,  Mr.  R.  G.  Eckis  has  been 
running  an  Eccleston  tension  concentrator  24  hours  a  day  for  some 
time.  He  is  using  a  giant  to  wash  the  sand  into  a  sluice  box  in  the 
bottom  of  which  he  has  a  screen,  thus  taking  the  heavy  black  sand 
out  in  an  undercurrent.  This  product  is  then  run  over  the  concen- 
trator. Ho  reports  that  he  is  securing  80  per  cent  of  the  gold,  plati- 
num, and  iridosmine,  and  he  says  his  concentrates  nm  over  $8,000 
a  ton  total  value.  One  machine  handles  the  undercurrent  from  150 
cubic  yards  a  day. 

According  to  the  latest  report  from  that  region  the  most  productive 
mine  in  Curry  County  is  the  Kalamazoo  ocean-beach  sand  mine  in 
the  Ophir  district,  near  Corbin. 
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PIiATINXJM. 

The  Klamath  Mountains  have  long  been  known  as  the  principal 
source  of  platinum  in  the  United  States.  Although  the  output  is 
small,  the  high  value  of  the  metal  makes  the  occiurence  important. 
The  platinum  is  recovered  wholly  as  a  by-product  in  placer  mining  for 
gold.  In  the  early  days,  when  its  value  was  not  appreciated,  the  plati- 
num was  lost,  but  now  that  its  value  is  better  known  it  is  generally 
looked  for  with  care  by  placer  miners. 

The  annual  production  of  platinimi  in  southwest  Oregon  varies  con- 
siderably. In  1906  it  was  apparently  largest,  but  the  exact  amount  is 
not  known.  Since  then  it  has  been  as  shown  in  the  following  table, 
coming  chiefly  from  the  beach  sand  mines  of  Coos  and  Curry  counties: 

Production  of  platinum  in  Oregon  from  1907  to  1910,  inclunve. 


Year. 


1907. 
1906. 


Quantity. 

Value. 

Ounce*. 
57 
44 

$1,090 
836 

Year. 


1909. 
1910. 


Quantity. 


Otineet. 
53 


Value. 


HMO 
1,121 


According  to  Waldemar  Lindgren,  the  principal  production  of  plati- 
num repoited  in  Oregon  in  1909  and  1910  came  from  beach  mines  near 
Port  Orf ord,  in  Curry  County,  and  from  the  vicinity  of  Bullards  in 
Coos  Coimty. 

Outside  of  the  two  points  mentioned  in  Coos  and  Curry  counties, 
platinum  has  been  recovered  in  placer  mines  at  numerous  other  points, 
most  important  among  which,  perhaps,  are  the  Blanco  and  the  Madden 
mines  on  an  elevated  beach  in  Curry  County.  The  following  mines 
at  one  time  promised  well  but  are  now  closed :  The  Steam  Beer  mine 
on  Cow  Creek  near  Leland,  the  Old  Channel  diggings  on  Rogue  River 
near  Galice,  the  Big  Four  and  Flanagan  mines  on  Rogue  River, 
near  the  mouth  of  Pickett  Creek,  besides  many  places  on  Illinois 
River  near  Waldo,  and  especially  along  Josephine  Creek  and  on  Illi- 
nois River  just  below  the  mouth  of  Josephine  Creek. 

Many  machines  have  been  devised  for  saving  the  fine  gold  and  plati- 
num of  the  beach  sands,  but  of  late  the  most  successful  has  been  the 
Eccleston  tension  concentrator.  Three  of  these  concentrators  are 
now  in  successful  use  on  the  Oregon  coast.  Mr.  J.  A.  Gardner,  who 
is  using  two  of  these  machines  near  Bandon,  writes  that  he  has  been 
very  successful  in  saving  the  fine  gold  and  the  platinum. 

There  is  a  large  and  promising  field  for  successful  black  sand  con- 
centration along  the  present  beach  and  the  elevated  beaches  of  the 
Oregon  coast. 

Although  the  production  of  platinum  in  Oregon  in  1912  declined 
to  30  ounces,  nevertheless  the  high  prices  stimulated  the  installation 
of  modern  machinery  on  the  Oregon  coast,  and  the  production  in 
1913  probably  increased  considerably. 
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Peridotite  and  serpentine  derived  from  it  are  generally  considered  to 
be  the  native  rocks  of  platinum,  and  the  abundance  of  serpentine  in 
southwest  Oregon  may  account  for  its  presence  in  that  region,  although 
the  platinum  has  not  yet  been  found  in  place. 

QUICKSILVER. 

Quicksilver  is  widely  distributed  in  southwest  Oregon,  and  traces 
of  its  ore,  cinnabar,  can  be  found  in  concentrates  of  nearly  all  the 
placer  mines.  At  a  few  points  there  has  been  extensive  prospecting, 
which  actually  reached  a  small  production,  but  the  output  is  not 
separable  from  that  of  eastern  Oregon.  The  total  annual  production 
of  the  State  never  exceeded  a  few  hundred  flasks.  The  deposits  are 
very  irregular  and  though  fairly  extensive  are  low  grade. 

The  first  localities  developed  are  in  the  Rosebing  quadrangle, 
northeast  of  Oakland,  where  cinnabar  occurs  scattered  in  Eocene 
sandstone  about  half  a  mile  from  a  mass  of  intruded  diabase.  Much  i 
of  the  sandstone  has  been  bleached  as  if  by  hot  springs.  The  mines 
mrere  soon  abandoned  and  developments  carried  on  farther  north, 
first  on  Shoestring  Creek  and  later  on  the  Coast  Fork  of  the  Willa- 
mette in  Lane  County,  where  a  small  production  was  attained  within 
the  last  few  years,  though  the  mine  has  since  been  closed. 

At  the  last  two  localities  the  cinnabar  occurs  in  connection  with 
volcanic  tuff,  and  the  same  is  probably  true  of  the  occurrence  near 
the  edge  of  the  lava  field  reported  from  the  vicinity  of  Diew  in  the 
eastern  portion  of  Douglas  County. 

Although  several  of  the  localities  look  promising,  the  ore  is  so  low 
in  grade  that  there  is  Utile  hope  of  establishing  a  successful  quicksilver 
industry  in  southwest  Oregon. 

NICKEL. 

One  of  the  most  interesting  ore  deposits  in  southwest  Oregon  is 
that  of  nickel,  which  occurs  in  two  forms,  as  the  green  silicate  of 
nickel,  genthite,  near  Riddles  and  as  josephinite  on  Josephine  Creek. 

Nickel  Mountain,  a  few  miles  west  of  Riddles,^  is  composed  of 
peridotite,  which  is  partly  changed  to  serpentine.  The  olivine  of  the 
peridotite  appears  to  be  nickeliferous,  and  an  alteration,  possibly  due 
in  part  to  hydrothermal  action,  has  resulted  in  the  formation  of  a 
body  of  nickel  ore  sufficiently  large  to  suggest  the  possibility  of 
successful  mining. 

The  deposit  was  owned  originally  by  W.  Q.  Brown,  of  Riddles, 
Or^.,  and  under  his  management  the  Oregon  Nickel  Mines  Co.  pros- 
pected it  quite  extensively,  but  as  yet  no  successful  attempt  has  been 
made  to  work  it. 

The  silicate  of  nickel,  genthite,  has  been  found  in  southwest  Oregon 
only  at  Nickel  Mountain.     If  the  ore  is  wholly  derived  from  the  perid- 

1  Kay,  G.  F.,  U.  S.  Geol.  Survey  Bull.  315,  p.  120, 1907. 
18014'*— Bull.  546—14 9 


180  HZNEBAL  BBSOUBCTS  (HT  SOUTHWBSIBUT  OBBOOK. 

otite  by  weatherins  it  is  nther  Burprisiiig  that  this  ulieatoalllidkel 
m  not  more  widely  distributed  in  soutbwest  Oregon,  for  tiis  efivaie  $k 
some  other  pUoee  in  Ibe  peridotito  containa  nickd. 

Josepbinite  is  a  mineralogic  eunosity  ratber  tban  an  ore  of  economic 
value.  It  is  composed  of  nickel  and  iron  and  is  kn^wn  otily  in  the 
fonn  of  small  nu^ets  ftom  the  placer  mines  of  Josephine  Creek 
irithin  an  area  of  peridotite  and  smpantine,  from  which  the  josephKi 
nhe  IB  supposed  to  bave  been  deriTed.  ^ 


PBODUOnOir  AKS  OBABAOTBB. 

In  tbe  production  of  coal  Oregon  ranks  next  to  CaHfotnla  t 
the  Pacific  States,  tta  greatest  annual  production  was  109,841  tons 
in  190S,  and  in  1910  tbe  output  was  67,633  tons.  Owing  to  tha 
increased  production  of  petroleum  in  California  and  its  use  tor  fad 
there  is  lees  deonand  for  coal  and  its  output  bas  decreased',  as  slunm 
by  tbe  annual  vahies  of  the  coal  output  for  1900  to  1912  in  the  tMib 
on  page  2S. 

Tbe  only  productive  coal  field  in  Oregon,  the  Coos  Bay  coal  fiald, 
is  situated  in  tbe  southwest  portion  of  the  State.  Other  small  eo«I 
fields  have  been  prospected,  among  which  are  the  Upper  NehaleiB 
field  in  Colombia  County,  tbe  Lower  Nehalem  in  Olatsop  and  TOb- 
mook  counties,  and  the  Yaquina  field  in  Lincoln  Countj. 

In  the  southwest  portion  of  the  State  outside  of  tbe  Coos  Bay  field 
there  are  a  number  of  coal  prospects  of  more  or  less  importance. 
(See  fig.  22.)  Some  of  these  have  been  designated  as  coal  fields,  as 
tbe  Eckley,  in  Curry  County,  tbe  Eden,  in  Coos  County,  and  tbe 
Rogue  River  valley  field,  in  Jackson  County,  but  prospects  that  are 
scarcely  less  important  occur  on  Shasta  Costa  Creek  in  Curry  Coimty, 
in  Camas  Valley,  on  Lookingglass  Creek,  and  on  North  Fork  of 
Rogue  River  near  Glide  in  Douglas  County. 

All  tbe  coal  of  southwest  Oregon  is  associated  with  formations  of 
Tertiary  (Eocene)  age,  chieSy  marine,  but  in  part  of  brackish  or 
fresh  water  origin  on  tbe  swampy  Eocene  coast.  The  coal  is  lignitic 
in  character,  except  the  best  coals  of  tbe  Coos  Bay  field,  which  are 
properly  regarded  as  subbituminous. 

COOS  BAT  COAL  FIEIJ>. 
QBNEEAL  FEATDBB8. 

The  Coos  Bay  coal  field  hes  about  Coos  Bay  on  the  coast  of  Oregon, 
about  one-third  of  the  way  from  the  California  line  to  the  mouth  of 
Columbia  River.  It  is  in  general  elliptical  in  outline,  30  miles  in 
length,  and  12  miles  in  greatest  breadth,  the  area  being  approxi- 
mately 250  square  miles,  included  in  Tps.  24  to  29  S.,  Rs.  12,  13,  and 
14  W.     (See  fig.  23.) 
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The  south  end  of  the  coal  field  is  traversed  by  Coquille  Biver  and 
the  north  end  by  Coos  Biver  and  Coos  Bay,  with  its  branching  tidal 
sloughs,  which  drain  about  three-fourths  of  the  field.  In  general  the 
surface  is  an  irregular  table-land  whose  broad  summit  ranges  in  alti- 
tude from  500  to  800  feet  above  the  sea.  The  slopes  to  the  master 
etreams  and  their  alluvial  plains  are  generally  steep,  but  the  slopes 
to  the  sloughs  are  for  the  most  part  gentle. 


The  rivers  and  the  bay  are  navigahio  and,  with  the  railroad  up 
Coquille  River,  afford  convenient  facUities  for  transporting  the  coal 
to  market. 

A  survey  of  the  Coos  Bay  region  was  made  12  years  ago,  and  the 
results  were  published  in  the  Nineteenth  Annual  Report  of  the 
Director  of  the  Gcohigical  Survey  *  and  in  the  Coos  Bay  foUo.'    The 

1  DUIh,  J.  8.,  ThtCoos  Bay  coal  fidd,  Oreg.;  U.  S.  0«a).  Survey  Nluctamtli  Ami.  BBpt.,  p(.  3,  pp.  30)- 
378, 18M. 
'  DOUi,  I.  S.,  tl.  e.  Geol.  Survvy  Qta\.  Atlu,  CoMB>r  Ulo  (No.  73),  IDOl. 
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IE  S— Map  of  Coos  Bay  coal  flold. 
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maps  then  published  show  the  outline  and  structure  of  the  coal  field, 
but  in  preparing  them  no  attention  was  paid  to  land  lines.  Smce 
then  the  field  has  been  resurveyed,  except  the  southern  portion,  and 
the  results  published  in  Bulletin  431.^ 

GEOLOGY. 
STRATIGRAPHY. 

The  coal-bearing  rocks  of  the  Coos  Bay  region  belong  to  the  Arago 
group  of  the  Eocene  series.  The  rocks  contain  both  fossil  leaves  and 
shells  and  present  an  especially  interesting  feature  in  the  occurrence 
of  fresh  or  brackish  water  shells  within  the  coal  beds,  whereas  between 
the  coal  beds  and  in  places  rather  close  to  them  purely  marine  fossils 
are  occasionally  found.  The  interstratification  of  these  fossil-bearing 
beds  evidently  indicates  alternate  rising  and  sinking  of  the  land  close 
to  sea  level. 

The  Arago  group  has  not  been  completely  measured,  but  its  total 
thickness  is  probably  not  less  than  10,000  feet.  The  coal  occurs  in 
four  zones  distributed  through  about  8,000  feet  of  strata.  By  far 
the  most  important  zone  is  that  of  the  Newport  coal,  in  the  upper 
half  of  the  mass. 

STRUCTTTRS. 

The  general  structure  of  the  coal  field  Ls  that  of  a  basin  containing 
a  number  of  subordinate  folds,  whose  axes  are  shown  in  figure  23 
and  a  cross  section  in  Plate  IX.  The  principal  fold,  the  Westport 
arch,  divides  the  field  into  two  subordinate  basins,  the  Beaver 
Slough  basin  and  the  South  Slough  basin.  The  detailed  structure  of 
the  field  is  complicated  by  faults  and  by  a  number  of  folds  that  give 
rise  to  smaller  basins,  among  which  may  be  mentioned  the  Newport, 
Flanagan,  North  Bend,  and  Empire  basins. 

The  axis  of  tlTo  Westport  arch  trends  N.  35^  E.  and,  branch- 
ing, pitches  slightly  in  the  same  direction,  so  that  on  the  south- 
western border  of  the  coal  field,  at  the  head  of  Sevenmile  CYeek,  the 
arch  completely  separates  the  Beaver  Slough  and  South  Slough 
basins,  but  in  the  nortliorn  ])art  of  the  field  the  two  basins  practi- 
cally unite  around  the  faulted  end  of  the  arch. 

Tlie  Beaver  vSlough  ])asin  is  by  far  the  most  extensive  and  important 
structm'al  feature  of  this  field.  It  is  long  and  narrow,  stretcliing 
from  Lamprey  ( Veek  on  the  south  to  Glasgow  on  the  north,  a  distance 
of  nearly  30  miles,  and  liaving  a  width  of  about  5  miles.  It  contains 
a  number  of  more  or  less  active  mines,  of  which  the  Beaver  Hill  is 
the  largest.  Tlie  structure  of  tlie  southern  portion  of  this  basin 
about  Riverton  and  Beaver  Hill  is  apparently  simple,  but  from  a 

>  DiUer,  J.  S.,  and  PLshpl,  M .  A . ,  Pri»llminar>'  reiwrt  on  the  Coos  Bay  coal  field,  Oreg.:  U.  8.  Geol.  8ur\'ey 
BaU.431,pp.  190-22S  lUH. 
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• 

point  near  Coaledo  northeastward  to  Stock  Slou^  minw  folds  iut- 
faults  are  common  and  the  structure  is  complex.    The  ayerage  dip 
of  the  strata  in  the  whole  basin,  however,  is  only  about  26^.    NeMJ^ 
Marshfield  the  l^Gll  Slou^  fault  cuts  off  the  north  end  of  the  Wini^t 
port  arch  and  drops  the  middle  portion  of  the  north  end  of  tfaa  -^-^ 
field. 

The  South  Slough  basin  embraces  the  country  about  South 
from  a  point  near  its  head  to  the  mouth  of  Coos  Bay,  where  it 
beneath  the  sea.    The  strata  of  this  basin  are  much  com] 
Their  average  dip  is  about  56^,  but  locally  they  are  vertical  or 
turned.    No  coal  is  shipped  from  this  basin,  although  it  is  takoi 
for  generating  power  in  the  immediate  vicinity. 

The  Newport  basin  is  a  small  synctine  in  the  fork  of  the  W( 
arch.    It  contains  the  Newport  bed  of  coal,  which  is  the  most  im] 
tant  coal  bed  of  the  region  and  has  been  recognized  throughout 
greater  portion  of  the  South  Slough  and  Beaver  Slough  basins.   .i|^ 
libby  this  coal  has  been  mined  for  many  years.    The  north  end  €0, 
the  Newport  basin  is  cut  off  by  the  Mill  Slough  fault,  in  which  tb0 
downthrow  is  on  the  north  side.    Beyond  the  fault  lie  the  FLanagaa, 
North  Bend,  and  Empire  basins,  which  are  even  smaller  than  fha 
Newport  ba£dn. 

Though  the  prindpal  coal  areas  north  of  CoquiDe  River  are  shown 
on  the  map  (fig.  22,  p.  181),  details  concerning  the  structure  and  com- 
position of  the  coal  beds  will  be  omitted.  That  information  is  given 
in  Bulletin  431  of  the  United  States  Geological  Survey. 

The  original  coal  supply  of  the  Coos  Bay  field  has  been  estimated 
by  M.  R.  Campbell  as  1,000,000,000  short  tons. 

NORTHERN   PART  OP  THE   FIELD. 

The  northern  part  of  the  Coos  Bay  coal  field  surrounds  Coos  Bay 
and  in  this  part  of  the  field  the  places  of  shipment  are  Marshfield, 
Empire,  and  North  Bend. 

Much  of  the  region  is  underlain  by  coal,  but  throughout  the  larger 
portion  of  the  areas  the  coal  is  more  than  2,000  feet  beneath  the 
surface.  On  the  map  (PI.  IX)  only  those  parts  which  have  coal 
within  2,000  feet  of  the  surface  are  indicated.  They  occur  along 
the  eastern  and  southern  borders  of  Coos  Bay,  as  well  as  in  the  North 
Bend,  Empire,  and  Flanagan  basins  and  portions  of  the  Newport  and 
South  Slough  basins.  The  forest  cover  in  this  area  is  so  dense  as  to 
conceal  completely  the  soft  rocks  of  the  coal  measures  and  render 
prospecting  especially  difficult.  It  is  possible  that  future  investi- 
gations may  prove  that  the  areas  of  coal  within  2,000  feet  of  the 
surface  are  much  larger  than  those  here  shown.  The  Flanagan  and 
North  Bend  basins  may  be  continuous,  but  no  coal  has  yet  been 
found  between  them. 
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The  general  structure  of  the  Coos  Bay  coal  field,  as  already 
explained;  renders  intelligible  without  further  detail  the  structure  of 
the  coal  measures. 

MIDDLE  PART  Ol'  THE  FIELD. 

In  the  middle  part  of  the  Coos  Bay  coal  field,  where  the  coal  field  is 
widest,  most  of  the  important  structural  features  are  well  developed 
and  are  shown  in  Plate  X.  South  Slough  basin  contains  the  coal  on 
the  west  side  and  the  Newport  basin  in  the  middle  along  the  northern 
border.  On  the  east  the  coal  lies  in  the  Beaver  Slough  basin  bordered 
on  the  southeast  by  the  compressed  basin  about  Sumner.  The  rela- 
tions of  the  basins  are  best  shown  by  the  section  at  the  bottom  of 
Plate  X.  The  last  two  basins  named  are  separated  by  an  over- 
turned and  faulted  arch,  which  apparently  complicates  the  structure 
of  that  region. 

The  zone  of  the  Sevenmile  coal  is  brought  to  the  surface  by  the 
Westport  arch.  All  the  coal  found  in  the  four  basins  appears  to 
belong  to  the  Newport  zone. 

The  mine  at  Libby  has  been  worked  more  or  less  vigorously  for 
many  years.     A  branch  railroad  runs  to  the  Smith  &  Power  mine. 

The  South  Fork  basin  is  widest  and  deepest,  and  much  of  the  coal 
is  probably  below  the  depth  at  which  it  could  be  profitably  mined. 

SOUTHERN   PART   OF  THE   FIELD. 

The  resurvey  of  the  southern  portion  of  the  Coos  Bay  coal  field 
has  been  completed  only  as  far  as  the  southern  limit  of  T.  27  S., 
R.  13  W.,  a  map  of  which  is  shown  in  Plate  XI.  This  township 
contains  the  Beaver  Hill  and  Peart  mines,  between  which,  in  Beaver 
Slough  basin,  occurs  one  of  the  largest  bodies  of  coal  in  the  Coos  Bay 
coal 'field. 

The  depth  of  the  Beaver  Slough  basin  is  not  definitely  known. 
Borings  have  been  made  in  the  middle  portion  by  private  parties, 
but  the  data  are  not  available  for  publication. 

Aside  from  the  alluvium,  the  Arago  is  the  only  geologic  formation 
found  in  T.  27  S.,  R.  13  W.  From  7,000  to  8,000  feet  of  strata  ar^ 
exposed  here,  made  up  largely  of  sandstone,  shaly  sandstone,  and 
some  shale,  all  of  which  are  of  a  grayish-green  to  a  yellowish-green 
color  and  comparatively  soft.     Coal  is  found  in  two  zones. 

A  large  syncline  whose  axis  runs  northeast  and  southwest  is  the 
most  important  structural  feature  in  this  portion  of  the  coal  field. 
The  small  irregular  anticUne  in  the  northeast  quarter  of  the  township 
splits  the  largo  syncUne  into  two  small  ones.  Wherever  mining 
is  carried  on  to  any  extent  small  faults  are  found.  As  the  rocks 
are  made  up  largely  of  sandstone  and  considerable  folding  has  taken 
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place  it  is  onlj  natural  that  some  faulting  ahould  occur.  No  fault 
detzimeaital  to  i^jping  has  yet  been  found,  but  the  large  offeet  d 
the  Newport  bed  in  see.  19  indicates  either  a  good-sized  fault  or  a 
very  sharp  fold.  Some  more  detailed  worlc  should  be  done  to  ascertain 
the  true  condititms. 

SaXLKt  OOAI.  PZBIJ}. 
In  the  Port  Orford  quadrangle,  45  miles  south  of  Coca  Bay,  traces  of 
coal  have  been  found  at  a  number  of  localities  near  BcUey  (see  fig.  22, 
p.  131)in  an  isolated  patch  of  Eocenesediments.  lliese  are  described 
in  the  Fort  Orford  folio,  where  ih»  coal  field  is  outlined  as  having 
an  area  less  than  a  acore  of  square  miles  in  extent.  Although  theia 
are  aeveral  small  coal  beds,  chiefly  carbonaceous  shale,  in  the  sand- 
stone of  the  Eckley  field,  most  of  the  carbonaceous  material  occurs 
at  or  near  the  bottom  of  the  sandstone  in  irregular  bunches  or  layers 
of  small  extent.  Aside 
from  the  difficulties  of  truim- 
portatioa  from  this  iso- 
lated mountain  region  these 
fairly  extensive  pro^Mcto 
do  not  warrant  the  expec- 
tation of  finding  in  the 
Eckley  field  coal  tliat 
would  be    worth    mining. 

EDBN  COAX,  TTRU). 

Eden  coal  field  is  in  the 
Siskiyou  National  Forest 
and  has  attracted  much  at- 
tention on  account  of  the 
™"' "'"'  lai^e  number  of  contested 

coal  claims  it  contains.  It  is  confined  mainly  to  Eden  Ridge,  whidi 
runs  northeast  and  southwest  across  T.  32  S.,  R.  1 1  W.,  and,  as  shown 
in  figure  24,  lies  for  the  most  part  within  a  great  bend  of  the  South 
Fork  of  Coquillo  Rivor.  The  slopes  of  the  coal  field  are  steep  and  in 
many  places  bold  cliffs  face  the  river. 

A  large-scale  map  (fig.  25)  showing  in  part  the  relation  of  the 
approximate  b<>uiularie.s  of  the  coal  field  1o  the  section  lines  is  based 
wholly  on  the  recent  work  of  C.  E,  Lesher.'  The  area  of  the  field, 
including  a  small  portion  on  the  southeast  side  of  the  bend,  was 
considered  in  1907  to  be  about  3  square  miles  but  Mr.  Lesher's  work 
in  1913  has  show^l  it  to  bo  much  lai^er. 

<  since  my  Eiamlnalton  or  the  field  ifbs  made  It  haa  been  vxlcnslvcly  prcapecled  b;  tba  ctatnunti. 
Id  1912,  Ur.  ii.  R.  Cunpbcll  Bpenl  wvenil  days  In  I  he  Ed«n  coal  flcM  and  In  1013,  Mr.  C.  E.  Lcditt  ■ptnt 
sliwenks  then  mappiog  it  In  gr»tdetBll.    Tbese  laWr  reaearclies  have  enlaced  the  field  by  tba  dli 
of  loner  beds  of  more  vslusble  coal. 


FiavBE  2-1.— Uap  iboirliig  by  abiiding  kmtloa  of  Eden 
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The  shallow  synclinal  structure  of  Eden  Ridge  is  roughly  outlined 
in  the  cross  section  shown  in  figure  26. 

Only  two  coal  beds  in  this  field  were  in  1907  considered  important, 
the  Carter  and  the  Anderson.  Both  are  now  known  to  extend 
through  the  hill. 

One  of  the  best  exposures  of  the  Anderson  coal  is  in  the  SE.  }  sec* 
28  and  shows  the  following  section : 

Seetionqf  Andermm coaling 8E,i sec.  28,  T.SfS.,R.ll  W, 

Shaly  Buidstoiie  roof.  rt.   in. 

Coal,  0omj0what  ihaly,  banded 8 

Fkrtiiig,  indistinct  »ndy  clay 1-2 

Coal  and  ahaly  coal  interbanded 8 

Clay 8 

Sandstone  floor. 

Hie  coal  exposed  in  a  hlvS  is  wet  and  thus  protected  from  weather^ 
ing.    For  the  purpose  of  testing  its  value,  a  sample  was  taken  of  the 


FisuBS  28.— 0«iM»mllied  Motion  of  Eden  ooftl  field,   a,  Cirtar  ooal;  b,  AndananoosL 

best  6  feet  of  continuous  section  across  tlie  bed.  This  sample  was 
sent  to  the  laboratory  of  the  Carnegie  Technical  Schools  in  Pittsburgh, 
Pa.,  where  a  proximate  analysis  and  calorific  test  resulted  as  follows: 

Analyns  of  air-dried  sample  of  best  5  feet  of  Anderson  coal. 

Air-drying  loas 2.  80 

Moisture 3.  91 

Volatile  matter 32.  21 

Fixed  carbon 31. 34 

Ash 32.54 

Sulphur 1.91 

Calorific  value  in  British  thermal  units 8, 699 

The  Carter  coal  in  sec.  29,  on  the  northwest  slope  of  Eden  Ridge, 
has  the  following  section: 

Section  of  Carter  coal  in  sec.  29,  T.  S2  S.,R.ll  W. 

Shaly  sandstone  (?)  roof.                                                                    Ft.  to. 

Shaly  coal,  variable,  banded 4  9 

Coal,  some  good,  but  mostly  bony 2  6 

Shaly  sandstone  floor. 

The  material  exposed  in  an  open  cut  is  fresh,  and  some  of  the  best- 
looking  lustrous  coal  of  the  region  occurs  in  the  lower  portion  of  the 
bed  at  this  exposure.  A  sample  of  a  continuous  section  of  the  best  5 
feet  of  coal  at  this  outcrop  was  taken  for  analysis  and  calorific  test. 
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As  the  bed  contains  no  prominent  parting  which  could  be  picked  oi 
in  mining,  nothing  was  rejected  from  the  sample.  The  results  of  tl 
analysis  and  test  in  the  laboratory  of  the  Carnegie  Technical  Schoo 
at  Pittsburgh,  Pa.,  are  as  follows: 

Analysis  of  air-dried  sample  of  best  5  feet  of  Carter  coal. 

Air-drying  loss 2. 40 

Moisture 5.  08 

Volatile  matter 27.  25 

Fixed  carbon 40.  51 

Ash 27.16 

Sulphur 49 

Calorific  value  in  British  thermal  units 9, 074 

Owing  to  environment  and  composition,  especially  the  high  pe 
centage  of  ash,  the  Anderson  and  Carter  coals  were  in  1907  nc 
considered  workable  for  transportation,  but  their  calorific  value 
such  as  to  suggest  the  possibility  of  using  them  on  the  groimd  as 
source  of  power  in  a  gas-producer  engine.  The  later  more  detaile 
researches  of  Mr.  Campbell  in  1912  and  Mr.  Lesher  in  1913  hai 
enabled  them  to  give  a  more  favorable  report  on  the  Eden  coal  fiel< 

LOOXINOGLASS  AND  CAMAS  VALLBY  FIELDS. 

Small  outcrops  of  coal  have  been  known  for  many  years  in  tt 
vicinity  of  Lookingglass,  about  8  miles  west  of  Roseburg,  but  n< 
until  1909  was  any  considerable  attempt  made  at  development.  I 
that  time  a  tunnel  was  run  in  on  a  coal  bed  that  showed  2  feet  of  goc 
coal  with  marked  block  cleavage.  The  bed  is  overlain  by  a  fin 
carbonaceous  coaly  shale  that  will  make  a  fair  roof  and  underlain  fa 
a  dark-gray  slippery  clay  that  is  likely  to  give  trouble  in  mininj 
The  coal  was  used  for  a  time  in  a  smithy  and  promised  so  well  f( 
other  purposes  that  the  prospect  was  sold,  but  operations  soon  cease< 
As  far  as  known  the  coal  is  of  small  extent  and  can  not  be  mine 
successfully  on  any  considerable  scale. 

Similar  outcrops  have  been  found  at  a  number  of  points  in  thi 
region,  especially  near  Camas  Valley.  They  were  prospected  by  tl 
same  promoting  company  in  1909  with  much  enthusiasm,  but  as  f^ 
as  reported  no  large  bodies  of  coal  have  been  opened  up. 

COAL  FIELD  ON  THE  NOBTH  FOBK  OF  THE  17HPQUA. 

i 

Small  beds  of  coal  have  been  found  on  the  North  Fork  of  tl 
Umpqua,  also  on  Little  River  and  Cavatt  Creek,  as  well  as  Coal  Creel 
which  fiows  into  the  Calapooya.  All  these  localities  are  near  tt 
eastern  border  of  the  Roseburg  quadrangle  and  indicate  the  accumi 
lation  of  vegetation  along  the  shores  of  the  ancient  Eocene  set 
None  of  the  beds  are  of  considerable  economic  importance.     It  i 
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said  that  a  wagonload  was  taken  out  on  the  North  Fork  and  hauled 
to  fioseburg  for  trial,  but  its  quality  did  not  prove  to  be  especially 
good.  Several  tons  have  been  removed  from  an  opening  near  the 
mouth  of  Cavatt  Creek,  for  blacksmithing,  but  the  supply  is  limited. 
An  analysis  of  the  coal  from  this  locality  shows  its  composition  to  be 
as  foUows: 

Arudyns  of  coal  near  the  motUh  of  Cavatt  Creek, 

Mouture 4.W 

Vdatdle  matter 38.54 

Fixed  carbon 39. 00 

Aflh 17.80 

Sulphur 44 


10a42 


Other  prospects  for  coal  have  been  made  between  the  Coast  and  the 
Cascade  ranges  by  the  Southern  Pacific  Co.  near  Comstock,  north  of 
Drain,  but  very  little  coal  was  discovered. 

&0OX7B  BIVB&  VAIXBY  OOAIi  FIELD. 

Of  the  coal  fields  in  southwest  Cyregon  the  one  in  Rogue  River 
valley  (see  fig.  22,  p.  131)  is  the  most  conveniently  located  with  refer- 
ence to  the  Southern  Pacific  Railroad.  A  number  of  years  ago  this 
coal  field  was  prospected  by  the  Southern  Padfic  Co.,  but  coal  pro- 
duction did  not  foUow  immediately.  Since  then  there  has  be^  a 
great  deal  of  prospecting,  especially  in  the  vicinity  of  Medford  and 
Ashland.  As  a  result  the  field  is  known  to  be  about  80  miles  in  length 
and  only  a  few  miles  in  width,  dipping  eastward  beneath  the  Cascade 
Range.    Parts  of  it  are  described  in  detail  elsewhere.^ 

Considerable  coal  has  been  mined  and  sold  for  local  use,  but  the 
large  percentage  of  ash,  as  shown  in  the  following  analysis,  impairs 
it  for  domestic  purposes: 

Analysis  of  sample  of  coal  (No.  5S46)  obtained  near  Medford,  Oreg. 
(F.  M.  Stanton,  chemist  in  charge,  U.  S.  Geol.  Survey  fuel-testing  plant.] 


Lo6s  of  moisture  on  air  drying. 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Calories 

British  thermal  units 


As  received. 

Air  dried. 

2.00 

ii.'ao' 

9.49 

23.39 

23.87 

31.89 

32.54 

33.42 

34.10 

1.16 

1.18 

4,183 

4,268 

7,529 

7,683 

1  DiUer,  J.  S.,  The  Rogue  River  valley  coal  field,  Greg.:  U.  S.  Oeol.  Survey  Bull.  341,  pp.  401-405, 1909. 
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For  the  present  the  coal  heds  from  Ager,  in  California,  to  Evans 
Creek,  in  Oregon,  are  only  of  local  interest  as  a  source  of  fuel,  but 
detailed  examinations  in  the  future  may  show  these  coals  to  be 
more  extensive  than  they  are  now  supposed.  If  so,  they  may 
become^  with  the  improvement  of  gas  producers,  important  sources 
of  power. 

GEOLOGICAL.  SURVEY  PUBLICATIONS  ON  SOUTH- 
WESTERN OREGON. 

[The  asterisk  (*)  indicates  publications  out  of  stoclc.] 
ANNUAL   REPORTS. 

•Fourteenth,  Part  II,  1894.  597  pp.,  74  pis.  Includes:  (g)  Tertiary  revolution  in  the 
topography  of  the  Pacific  Coast,  by  J.  S.  Diller.    38  pp.,  8  pis. 

♦Seventeenth,  Part  I,  1896.  1076  pp.,  67  pis.  Includes:  (c)  A  geological  reconnaifl- 
aance  in  northwestern  Oregon,  by  J.  S.  Diller.    80  pp.,  13  pis. 

♦Nineteenth,  Part  III,  1899.    785  pp.,  99  pis.    Includes:  (c)  The  CJooe  Bay  coal  field 
Oreg.,  by  J.  S.  Diller,  68  pp.,  13  pis. 

♦Twentieth,  Part  III,  1900.  595  pp.,  78  pis.  Includes:  (a)  The  Bohemia  mining 
region  of  western  Oregon,  with  notes  on  the  Blue  River  mining  region  and  on  the 
structure  and  age  of  the  Cascade  Range,  by  J.  S.  Diller,  accompanied  by  a  report 
on  fossil  plants  associated  with  the  lavas  of  the  Cascade  Range,  by  F.  H.  Knowl- 
ton.    58  pp.,  6  pis. 

♦Twenty-second,  Part  II,  1901.  888  pp.,  82  pis.  Includes:  («)  The  gold  belt  of  the 
Blue  Mountains  of  Oregon,  by  Waldemar  Lindgren,  226  pp.,  16  pis. 

♦Twenty-second,  Part  III,  1902.  763  pp.,  53  pis.  Includes:  (i)  The  Pacific  coast 
coal  fields,  by  Geo.  Otis  Smith.    40  pp.,  4  pis. 

* 

MONOGRAPH. 

XL VIII.  Status  of  the  Mesozoic  floras  of  the  United  States  (second  paper),  by  L.  F. 
Ward  ^ith  the  collaboration  of  W.  M.  Fontaine,  Arthur  Bibbins,  and  G.  R. 
Wieland.    Intwoparts.    1905.    Part  1, 66pp.;  Part  II,  119 pis.    Price$2.25. 

PROFESSIONAL   PAPER. 

♦59.  Contributions  to  the  Tertiary  paleontology  of  the  Pacific  Coast;  I,  The  Miocene 
of  Astoria  and  Coos  Bay,  Oreg.,  by  W.  H.  Dall.    1908.    270  pp.,  23  pis. 

BULLETINS. 

♦193.  The  geological  relations  and  distribution  of  platinimi  and  associated  metals,  by 
J.  F.  Kemp.  1902.  95  pp.,  6  pis.  (Platinum  in  California  and  Oregon,  pp. 
51-56.) 

♦196.  Topographic  development  of  the  Klamath  Mountains,  by  J.  S.  Diller.  1902. 
69  pp.,  13  pis. 

♦315.  Contributions  to  economic  geology,  1906,  Part  I.  1907.  505  pp.,  4  pis.  In- 
cludes: (r)  Nickel  deposits  of  Nickel  Mountain,  Oreg.,  by  G.  F.  Kay,  8  pp. 

♦340.  Contributions  to  economic  geology,  1907,  Part  I.  1908.  482  pp.,  6  pis.  In- 
cludes: (a)  The  mines  of  the  Riddles  quadrangle,  Oreg.,  by  J.  S.  Diller  and 
G.F.Kay,  19  pp. 
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341.  Gontributioiu  to  economic  geology,  1907,  Part  II.  1909.  444  pp.,  25  pis.  In- 
cludes: (c)  The  Rogue  River  valley  coal  field,  Oreg.,  by  J.  S.  Diller,  5  pp. 
*380.  Contributions  to  economic  geology,  1908,  Part  I.  1909.  406  pp.,  2  pis.  In- 
cludes: (a)  Mineral  resources  of  the  Grants  Pass  quadrangle  and  bordering 
districts,  Oreg.,  by  J.  S.  Diller  and  G.  F.  Kay;  Notes  on  the  Bohemia  mining 
district,  Oreg.,  by  D.  F.  MacDonald.    37  pp.,  1  pi. 

387.  Structural  materials  in  parts  of  Oregon  and  Washington,  by  N.  H.  Darton. 
1909.    36  pp.,  9  pis. 

431.  Contributions  to  economic  geology,  1909,  Part  II.  1911.  254  pp.,  12  pis.  In- 
cludes: (6)  Preliminary  report  on  the  Coos  Bay  coal  field,  Or^.,  by  J.  S.  Diller 
and  M.  A.  Pishel,  37  pp. 

WATEB-8UPPLY  PAPEBS. 

214.  Surface  water  supply  of  the  north  Pacific  coast  drainage,  1906,  by  J.  0.  Stevens, 

Robert  FoUansbee,  and  E.  C.  La  Rue.    1907.    208  pp.,  3  pis. 
252.  Surface  water  supply  of  the  north  Pacific  coast,  1907-8,  by  J.  C.  Stevens  and 

F.  F.Henshaw.    1910.    397  pp.,  9  pis. 
272.  Surface  water  supply  of  the  north  Pacific  coast,  1909,  by  J.  C.  Stevens  and 

F.  F.  Henshaw,  1911.    521  pp.,  8  pis. 
292.  Surface  water  supply  of  the  north  Pacific  coast,  1910,  by  F.  F.  Henshaw,  G.  C. 

Baldwin,  and  G.  C.  Stevens.    1913.    685  pp.,  3  pis. 

GEOLOGIC   FOLIOS. 

[Each  folio  oontaixis  topc^raphlc  and  geologic  maps,  with  text  deecribing  the  geology  and  mineral  reaouroes 

of  the  quadrangle.] 

♦Roeeburg  folio  (No.  49),  by  J.  S.'  Diller.    1898. 
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RECONNAISSANCE  OF  THE  GRANDFIELD  DISTRICT, 

OKUHOMA. 


By  M.  J.  MuNN. 


INTRODUCTION. 

LOCATION  OF  THE  DISTBICT. 

The  Grandfield  district  as  arbitrarily  outlined  in  this  report  em- 
braces about  360  square  miles  in  southern  Oklahoma,  including  the 
southeastern  part  of  Tillman  County  and  the  southwestern  part  of 
Cotton  County,  as  shown  on  Plate  I.  This  district,  which  is  bounded 
on  the  south  by  Red  River,  includes  those  parts  of  Tps.  3,  4,  and  5. 
Es.  12,  13,  14,  and  15  W.,  that  lie  in  Oklahoma ;  that  part  of  T.  4  S., 
K.  11  W.,  that  lies  south  of  Deep  Red  Run;  the  west  half  of  the  area 
in  T.  5  S.,  R.  11  W.,  that  lies  north  of  Red  River;  the  southeast 
quarter  of  T.  3  S.,  the  east  half  of  T.  4  S.,  and  the  portion  of  T.  5  S., 
K.  16  W.,  that  lies  north  of  Red  River.  The  district  is  named  from 
Grandfield,  the  largest  town  within  it,  which  stands  near  its  center. 

CHABACTEB  AND  PUBPOSB  OF  THE  WOBK. 

This  report  discusses  me  general  geologic  conditions  in  this  dis- 
trict, especiallj'  those  that  furnish  a  clue  to  the  possible  location  of 
any  oil  and  gas  pools  that  may  be  in  it.  The  field  work  for  the 
report  was  begun  by  the  writer  about  October  10.  and  continued  until 
December  22,  1012.  From  about  November  17  to  December  22  he 
was  assisted  by  Mr.  Jerry  B.  Newby,  who  ran  spirit-level  lines  over 
a  portion  of  the  district  to  determine  the  structure  of  certain  out- 
cropping l)eds.  The  work  was  done  under  a  cooperative  agreement 
between  the  United  States  Geological  Survey  and  the  Geological  Sur- 
vey of  Oklahoma  by  which  the  latter  provided  funds  to  the  amount 
of  $500  toAvard  paying  the  cost  of  field  work  and  the  former  paid 
about  $200  of  the  field  expenses  and  all  office  expenses  and  cost  of 
publication. 

This  territory  was  selected  for  reconnaissance  geologic  examination 
because  the  general  geologic  conditions  in  it  are  the  same  as  those 
in  the  adjacent  portion  of  northern  Texas,  which  contains  the 
Petrolia,  Electra,  and  Burkburnett  oil  and  gas  fields,  and  because  it 
was  hoped  that  geologic  work  in  this  district  in  advance  of  drilling 
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might  enable  oil  and  gas  prospectors  to  place  their  test  wells 
favorably  and  so  avoid  losses  involved  in  drilling  dry  holes  mad  aft 
the  same  time  obtain  the  best  tests  for  the  presence  of  oil  and  gw  in 
paying  quantities. 

The  time  spent  in  field  work  was  so  short  that  the  survey  caa  be 
considered  only  a  reconnaissance,  duKng  which  detailed  stratigFapliie 
study  of  the  outcropping  rocks  was  impracticable.  The  principal 
object  of  the  stratigraphic  study  was  to  find  some  widely  oJtjiuged 
bed  or  series  of  beds  having  features  so  persistent  that  it  miffA  be 
used  as  a  key  stratum  or  horizon  for  determining  roughly  the  flbmo- 
ture  of  the  Permian  rodks  of  the  district  The  writer  began  field 
work  in  the  vicinity  of  Orandfield,  where  outcrops  of  locka  are 
scarce  and  those  that  occur  embrace  only  a  few  feet  of  the  geoloigie 
secticm.  The  preliminary  examination  in  search  of  a  key  alratum  or 
horixon  covered  about  200  square  miles  around  Orandfield,  in  1^ 
S,  8, 4,  and  5  S.,  B&  18, 14, 15,  and  16  W.  This  selection  of  territoiy 
f w  preliminary  work  was  fortunate  in  the  fact  that  the  most  eaaily 
identified  series  of  outcropping  beds  are  exposed  there,  bat  it  was 
also  in  a  measure  unfortunate  because  the  finest  outcrops  occur  in 
the  bluffs  of  Bed  Biver,  near  and  at  the  extreme  eastern  edge  of  the 
area  examined*  These  important  outcrops  on  Bed  Biver  wen'  not 
discovered  until  the  last  few  days  of  the  field  work,  when  time  was 
not  available  to  make  a  detailed  stratigraphic  study  of  them  and  a 
thorough  search  for  fossils. 
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DRAINAGE  AND  TOPOGRAPHY. 

The  Grandfield  district  is  drained  by  Red  River  and  Deep  Red 
Run,  a  tributary  of  Cache  Creek,  which  empties  into  Red  River  from 
the  north.  Red  River  has  an  average  fall  across  this  district  of  3i  to 
4J  feet  a  mile.  It  flows  in  a  relatively  narrow  flood  plain,  ranging 
in  width  from  1  to  1^  miles,  bounded  on  both  sides  by  bluffs  covered 
by  sand  dunes  and  having  a  maximum  elevation  of  about  175  feet 
above  the  river.  The  river  bed  is  very  broad  in  comparison  with  the 
width  of  its  flood  plain,  being  in  most  places  from  three-fourths  of  a 
mile  to  over  a  mile  wide.    At  low  water  the  river  beds  consist  largely 


p 


" 
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of  shifting  sand,  across  which  narrow,  shallow  streams  meander. 
(See  PI.  n,  (7.) 

In  contrast  with  Red  River,  Deep  Red  Run  flows  in  a  narrow  chan- 
nel, 20  to  60  feet  w^ide  and  20  to  30  feet  deep,  across  a  flat  alluvial 
flood  plain  ranging  in  width  from  1  to  1 J  miles.  The  average  fall  of 
this  stream  is  about  4  J  feet  to  the  mile. 

The  interstream  area  is  a  smooth,  slightly  undulating,  treeless 
prairie,  into  which  the  smaller  streams  have  cut  very  slightly  except 
near  their  mouths.  The  notable  features  of  the  topography  are  (1) 
the  broad,  smooth  surfaces,  (2)  a  few  low,  round  isolated  hills  adja- 
cent to  the  divides,  preserved  by  a  capping  of  more  resistant  rocks, 
and  (3)  the  many  large  "breaks"  or  washes  (see  PI.  II,  B  and  C) 
similar  in  character  to  the  well-known  badlands  of  other  portions  of 
the  West. 

The  "breaks"  are  of  special  importance  to  the  geologist  because 
they  expose  most  of  the  beds  of  Permian  rocks  on  which  a  map  of  the 
geologic  structure  of  this  area  must  be  based.  They  consist  of  low 
bluffs,  most  of  them  roughly  crescent  shaped,  from  a  few  feet  to  half 
a  mile  in  length  (see  PI.  II,  C),  and  having  heights  ranging  from 
6  to  20  feet,  though  at  places  adjacent  to  the  larger  streams  they  are 
somewhat  higher.  These  "  breaks  "  have  been  formed  chiefly  by  the 
direct  action  of  rain  falling  on  the  steep,  bare  slopes  of  the  very  fine 
soft  red  clay  of  the  "  Red  Beds."  Most  of  them  probably  originated 
as  small  "  potholes  "  dug  out  by  running  water  of  freshets  pouring 
over  small  obstacles  along  the  bottoms  of  "draws."  "Breaks" 
thus  started  develop  at  all  angles  to  the  original  drainage  courses  and 
some  of  them  cut  back  across  the  crests  of  secondary  ridges  to  points 
where  water  falling  on  the  hillside,  a  few  inches  from  the  edge  of  the 
"break,"  flows  directly  away  from  it.  Apparently  one  of  the  neces- 
sary conditions  for  the  formation  of  a  "  break  "  is  the  presence  of  a 
more  or  less  resistant  layer  above  the  soft  red  clay,  so  as  to  preserve 
a  steep  local  slope.  This  resistant  layer  consists  of  a  firm  sod  of  grass 
at  the  surface  or,  very  often,  of  thin  beds  of  soft  sandstone,  limestone, 
or  conglomerate  embedded  in  the  fine  red  clay  that  makes  up  the 
greater  portion  of  the  section  exposed  in  this  district. 

S  TR  ATIG  RAPH  Y. 

BOCKS  NOT  EXPOSED  IN  THE  DISTRICT. 

I»K1{M1AN   ROCKS. 

The  lowest  outcropping  rocks  in  the  Grandfiold  district  are  "  Red 
Beds  "  of  Permian  a<re.  Very  few  geologic  facts  regarding  the  age 
and  character  of  the  rocks  which  underlie  those  that  outcrop  have 
been  derived  directly  from  this  district.  The  relatively  small  amount 
of  data  at  hand  pertaining  to  the  rocks  not  exposed  in  this  district 
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comes  from  the  partial  logs  of  three  deep  wells  drilled  fcxr  ml  and 
gas  in  or  near  it,  from  logs  of  similar  wells  in  the  adjacent  developed 
oil  fields  of  northern  Texas,  and  from  oatcrops  of  lower  fTmatiiynn 
at  more  distant  places  in  Oklahoma  and  Texas.  The  data  indinate 
that  the  npper  portion  of  unexposed  beds  is  of  Permian  age  and  ilttt 
this  series  is  underlain  by  oldear  Carbcmiferoos  beds  of  the  FuuMjfil- 
▼anian  series.  The  beds  of  the  upper  part  of  the  Pennsyivaiufiai  tin 
Tery  similar  to  those  of  the  lower  part  of  the  Permian  in  this 
so  that  the  line  of  division  between  them  can  not  be 
from  the  well  records  alone.  ^ 

In  Texas  the  contact  between  the  Permian  and  the  Fennei^VMitai 
fieries  ccmies  to  the  surface  south  and  southeast  of  tlie  Grandfidd  dii- 
trict  in  a  broad  belt  extending  south-southwest  from  dmy  and 
Montague  counties,  Tex«,  to  the  central  part  of  the  State.  Along 
this  belt  the  Wichita  formation  of  the  Permian  appears  to  lie  can- 
formably  upon  the  Cisco  formati(m  of  the  Pennsylvanian.  This 
contact  is  also  exposed  at  many  places  north  and  northeast  of  the 
Ghrandfield  district  in  Oklahoma  along  the  southern  border  of  the 
Wichita  and  Arbuckle  mountains,  where  the  Permian  "  Bed  Beds^'' 
Ijring  practically  horizontal,  rest  unccmf ormably  on  the  sharply  folded 
beds  of  the  Pennsylvanian.  The  stratigraphic  relation  of  these  two 
great  series  of  rocks  in  the  large  area  that  lies  between  the  expo* 
sures  of  the  Permian-Pennsylvanian  contact  and  that  includes  the 
Orandfield  district  is  not  known.  A  brief  study  of  each  of  them  at 
the  places  nearest  to  the  Grandfield  district  where  they  are  best 
exposed  may  be  of  some  value  in  detemiining  the  general  character 
of  the  rocks  underlying  the  beds  exposed  in  this  district. 

PENNSYLVANIAN   AND  OLDER   ROCKS. 

In  Clay,  Montague,  and  Archer  counties,  Tex.^  where  the  rocks  of 
the  Pennsylvanian  series  are  exposed,  they  are  divided  by  Grordon  * 
into  the  following  formations,  tabulated  from  top  to  bottom : 

Section  of  Pennsylvanian  formations  in  Wichita  region^  Tex 

Feet. 
Cisco  formation   (olny,  shale,  conglomerate,  and  sandstone 

with  some  limestone  and  coal) 800 

Cany(m  formation   (alternating?:  IkhIs  of  limestone  and  clay, 

with  some  sandstone  and  conglomerate) 800 

Strawn  formation  (alternating  beds  of  sandstone  and  clay, 

with  some  conglomerate  and  shale;  the  lower  1,0(X)  feet 

consists  of  blue  and  black  clay  locally  containing  beds 

of  limestone,  sandstone,  or  sandy  shale,  and  a  coal  seam 

at  the  top 1,900 

3,500 


*  (Jordon,  C.  II.,  Geology  and  underground  waters  of  the  Wichita  region,  north-central 
Texaa :  U.  S.  Geol.  Survey  Water-Supply  Paper  317,  p.  14,  1013. 
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Farther  southwest  in  Texas  the  upper  division  of  the  Strawn  is 
said  ^  to  reach  a  maximum  thickness  of  3,000  feet,  the  whole  formation 
being  about  4,000  feet  thick. 

Under  the  Strawn  formation  in  the  Colorado  coal  field  of  Texas 
lies  the  Bend  series  of  the  Texas  Geological  Survey,  consisting  prin- 
cipally of  limestone  and  shale,  which  is  of  Pennsylvanian  age  in  its 
upper  part  and  of  Mississippian  age  in  its  lower  part.  Gordon '  gives 
the  combined  thickness  of  the  Pennsylvanian  and  Mississippian  series 
at  about  7,000  feet  in  this  region. 

Along  the  southern  boixlers  of  the  Wichita  and  Arbuckle  moun- 
tains in  Oklahoma  north  and  northeast  of  the  Grandfield  district  the 
Pennsylvanian  and  older  rocks,  originally  deposited  in  a  relatively 
horizontal  position,  have  since  l)een  elevated  and  thrown  into  steep 
folds  by  the  great  crustal  uplifts  that  formed  the  Wichita  and 
Arbuckle  mountains.  The  old  granite  floor  of  the  ancient  sea  in  which 
the  oldest  sedimentary  beds  of  Cambian  age  were  laid  down  now 
constitutes  the  very  resistant  central  cores  of  diese  mountains.  Much 
of  the  strata  which  once  arched  over  the  old  igneous  rocks  was  re- 
moved by  erosion  before  a  later  subsidence  of  the  surface  and  en- 
croachment of  the  sea  allowed  the  deposition  of  the  "  Red  Beds  "  in 
horizontal  layers  across  the  upturned  edgc»s  of  the  older  rocks.  Since 
the  "  Red  Beds  "  were  deposited  the  region  has  been  elevated  to  its 
present  height,  and  streams  have  cut  fairly  deep  valleys  into  them 
at  many  places  adjacent  to  the  mountains,  where  they  were  thin, 
exposing  the  older  folded  beds  beneath.  In  the  area  indicated  the 
Pennsylvanian  rocks  generally  dip  south  or  southwest  beneath  the 
less  folded  Permian  beds.  The  southern  extent  of  this  unconfonnity 
between  the  Pennsylvanian  and  Permian  is  unknown,  but,  as  noted 
above,  the  unconfonnity  has  not  been  observed  in  the  next  outcrops 
of  these  beds  toward  the  south,  in  Texas. 

The  seemingly  local  diameter  of  the  violent  crustal  movements 
which  produced  the  AVichita  and  Arbuckle  mountains  suggests  that 
the  disturbance  did  not  extend  far  south  of  a  line  joining  these  moun- 
tain arexis  and  that  the  unconformity  between  the  Pennsylvanian 
and  Permian  rocks  dies  out  rapidly  toward  the  south,  terminating  at 
a  roughly  east- west  line  in  southern  Oklahoma,  beyond  which  there 
w^as  seemingly  continuous  deposition  throughout  Pennsylvanian  and 
Permian  time. 

No  exposures  of  rocks  older  than  Permian  arc  known  to  occur  for 
hundreds  of  miles  west  of  the  Grandfield  district,  and  no  data  are 
available  concerning  the  beds  in  that  direction  that  will  indicate 
the  probal)le  character  of  the  rocks  concealed  in  this  district  within 

'Gordon,  C.  H.,  op.   cit,   p.   15. 

=  Gordon,  C.  II.,  The  Wichita  formation  of  northern  Texas:  Jour.  Geology,  vol.  19,  No. 
2,  p.  116,  1911. 
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reach  of  the  drill.  The  presence,  however,  of  Pennsylvanian  rocks 
beneath  the  ^'Bed  Beds"  on  three  sides  of  the  Qrandfield  district 
suggests  strongly  that  the  ancient  seas  in  which  the  beds  were  de- 
posited covered  territory  extending  westward  over  many  thousands 
of  square  miles  and  that  the  beds  beneath  the  ^'  Bed  Beds  ^  in  the 
Qrandfield  district  are  probably  similar  to  those  which  are  exposed 
around  it.  The  following  generalized  section  of  the  rocks  underlying 
the  ^^Bed  Beds''  at  their  nearest  outcrops  in  Oklahoma,  south  of 
Wichita  and  Arbuckle  Mountains,  tabulated  in  natural  order,  from 
top  to  bottom,  is  condensed  from  a  previous  report  on  the  geology  of 
these  mountains.^  ' 

Generalized  section  of  the  PenfMplvanian  and  older  formations  outcropping  ad- 
jacent to  the  Wichita  and  Arbuckle  Mountains  in  Oklahomi, 

GarbonlferouB  system: 

Unconformity. 

Pennsylvanian  aeries: 

Sandstone,  shale,  and  coaL  North  of  the  eastern  part  of 
the  Arbuckle  uplift  the  Pennsylvanian  sediments  over- 
lying the  Wapanucka  limestone  and  .  the  Franks  con- 
glomerate consist  of  sandstones,  shales,  and  coals  ag- 
gregating in  thickness  10,000  or  11,000  feet  South  of 
the  Arbuckle  Mountains  these  deposits  are' partly  con- 
cealed by  Cretaceous  and  younger  beds  and  consist  of 
shale,  sandstone,  thin  beds  of  limestone,  and  some  lime- 
stone conglomerate.  The  excessive  folding  in  this  area 
renders  exact  measurements  of  thickness  of  beds  Im- 
possible. 
Wapanucka  limestone:  Deposited  contempornneoiialy  with 
or  just  after  the  Frank  conKloniernte.  Thickness  in- 
creases to  perhaps  400  feet  eastward  across  the  Arbuckle 
Mountain  area  iu  Oklahoma. 
Frank  conglomerate :  Lies  unconfornmbly  iirH)Ti  Mississipian 
beds.    Greatest  thickness.  TiOO  feet. 

Unconformity. 

Mississipian  series: 

(Tlenn  formation :  Bluish  shale,  with  thin  brown  sandstone 
and  some  thin  limestone.  Exposed  only  on  north  side 
of  Arbuckle  Mountains.  Thickness,  1.000  to  3,C)0()  feet. 
Caney  shale:  RUiisli  toward  top  and  contnins  small  iron- 
stone concretions.  Basal  part  Is  black  bKuminous  clny 
shale  containing  limestone  and  4'irjrillo-<jiU'areons  sepr- 
regations.  Total  thickness,  about  l.^KK)  feet. 
Sycamore  limestone:  Light  bluish  to  yellow  and  probably 
argillaceous  and  massive;  weathers  into  thin  beds. 
Kan^res  in  thickness  from  a  few  feet  to  nearly  2(M)  iWt 
and  thickens  toward  the  west  from  Arbuckle  Mountains. 


^TafT,  .T.  A.,  and  others.  Preliminary  report  on  tlio  ;;ooloj:y  <»f  tho  Ar]»U(kl<'  aiul  Wichita 
Mountains:  T'.  S.  Geol.  Survey  Prof.  Paper  31,  1004. 
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Devoninn  system: 

Woodford  chert:  Black,  bituminous,  fissile  shale,  with  round 
calcareous  concretions ;  in  lower  part  also  contains  at  places 
beds  of  chert  near  base.  Equivalent  to  the  "  Black  shale  " 
or  Chattanooga  (Ohio)  shale  of  the  Appalachian  region. 
Average  thickness,  about  650  feet. 
Sllnro-Devonlnn  rocks: 
Hunton  limestone: 

Semlcrystalline  limestone.  In  places  cherty,  Interstrntlfleil 

with  some  thin  marly  layers.    Thickness,  30  feet. 
Marly  and  calcareous  clays   with   some  hard   limestone 

layers  in  lower  part.    Thickness,  170  to  190  feet. 
Thick-bedded  limestone,  crystalline  at  base,  with  hard  thin 
limestone  above.    At  places  at  the  base  is  an  oolite, 
4  to  r>  feet  thick,  which  Is  locally  silicifled. 
Silurian  system: 

Sylvan  shale:  Greenish,  homogeneous,  massive  shale  at  top 
with  usually  several  feet  of  dark-blue  to  black  calcareous, 
and  bituminous  shale  at  base.  Ranges  in  thickness  from  60 
to  300 '  feet  in  the  Arbuckle  Mountains  area,  thickening 
toward  the  west. 
Viola  limestone: 

Light   colored,   coarse   textured,   usually   rough   bedded; 

middle  portion  earthy.    Thickness,  300  feet 
Limestone,   whiter  to  light  blue,   generally  thin  bedded; 

weathers  white.    Thickness,  800  ftet 
Limestone,  light  colored,  coarse,  and  usually  rough  bedded. 
Thickness,  100  feet. 
Ordovician  system: 

Simpson  formation: 

Limestone,  thin,  with  interst  rati  fled  proon  Rh:il<»s,  4(¥)  feet. 
Sandstone,  90  feet. 

limestones  and  shales  interstratifled,  400  fe<»t. 
Sandstone,  100  to  200  feet. 
Limestone,  shaly,  195  feet 
Sandstone,  33  feet. 

Limestone,  thin  bedded,  and  shale  interstratifled.  275  feet. 
Shale,  frreenish,  with  few  thin  layers  of  limestone.  245  feet, 
limestone,  granular,  crystalline,  in  thin  beds,  350  feet. 
Limestone,  thin,  with  shale  and  some  thin  layers  of  sand- 
stone, 29  feet. 
Sandstone,  white  to  light  brown,  occurring  locally,  greatest 
thickness  100  feet. 
ranihro-Ordovic'Ian  rtK'ks: 

Arbuckle  limestone:  Includes  all  the  upper  Cambrian  rocks 
and  tlie  Onlciferons  of  the  overlying  Ordovidon.  Except 
n  few  ihin  slinly  strata  and  some  siliceous  and  cherty  beds  it 
is  coniposcHl  entirely  of  light  blue  and  white  limestone  and 
cream-colored  to  white  crystalline  dolomite.  Its  lower 
p(>r(lon,  which  is  upi>er  Capabrian,  is  pink  to  yellow,  hard, 
niJissiv(»  limestone  and  dolomite,  which  weathers  brown  to 
almost  Mack  and  is  .^lOO  to  000  feet  thick.  This  portion  is 
sncc(HMl(Ml  above  by  limestones  of  Ordovician  age,  which 
luM-onic  lighter  toward  their  top.  Total  thickness  of  forma- 
tion, 4,(KK)  to  COOO  feet 
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Middle  Cambrian  sediments:  Generally  thin-bedded  siliceous  lime- 
stone  nn4    shaly    strata   containing   middle   Cambrian    fossils. 
Several  hundred  feet  thick. 
Reagan  sandstone: 

Thin-bedded  and  laminated  sandstone,  becoming  calcareous 

in  upper  part.    Thickness,  60  feet 
Coarse  grit  and  sniid  with  some  clay  and  green  sand  in 
upper  jpart,  generally  well   stratified.     Thickness,  370 
feet. 
Quartzites  and  arkose  conglomeiatea    Thickness,  SO  feet. 
Pre-Cambrlan :  Granite  and  porphyry  which  formed  the  floor  of  the 
Cambrian  Sea. 

Fortunately  we  are  not  dependent  entirely  upon  the  character  of 
the  Pennsylvanian  and  older  beds  along  their  line  of  outcrop  in 
surmising  the  character  of  the  unexposed  rocks  in  the  Grandfield 
district.  The  development  of  the  Petrolia,  Electra,  and  Burkburnett 
oil  fields  in  northern  Texas  has  made  available  the  logs  of  many  deep 
wells  in  Clay  and  Wichita  counties,  Tex.,  a  relatively  short  distance 
south  of  this  district.  In  their  excellent  report  on  the  geology  of 
the  oil  and  gas  fields  of  Wichita  and  Clay  counties,  Tex.,  Udden 
and  Phillips*  have  carefully  correlated  the  unexposed  rocks  with 
those  that  outcrop  in  Texas  southeast  of  these  fields.  Their  report 
contains  a  detailed  log  and  a  description  of  samples  from  a  test 
well  drilled  to  a  depth  of  3,985  feet  by  the  Producers  Oil  Co.  on  the 
Halsell  farm,  6^  miles  wCvSt  and  1  mile  south  of  Henrietta,  Clay 
County,  Tex.  The  value  of  this  log  and  of  the  description  of  the 
samples  of  rock  from  the  well  justify  reprinting  them  below.^ 

Log  of  Halsell  well  No.  U  drilled  hy  the  Produeers  Oil  Co.  went  of  Henrietta, 
Clay  County,  Tex.,  tvith  dcseription  of  samples  of  rock. 


Driller's  log. 

Description  of  samples  of  rock. 

Thick- 
ness. 

Depth. 

Depth  at 
which 

sample 

was 

taken. 

Geologist's  notes. 

Red  clav 

Feet. 
65 
25 

100 
30 

245 
40 

125 
30 

112 
25 
20 
24 
49 
20 
99 
6 
6 

Feet. 

65 

90 

190 

220 

465 

505 

630 

660 

772 

797 

817 

841 

891 

911 

1,010 

1,016 

1,022 

FeH. 

• 

Salt  water,  sand 

Red  rock 

Salt  water,  sand 

Red  rock 

Salt  water,  sand 

Red  rock 

Salt  wat^r,  SftTid  --.,.,.. 

Red  rock- 

Water,  sand 

Slate  pnd  red  rock 

Sand,  no  water 

Red  rock 

Sand 

Slate  and  red  rock 

Dry  sand 

Sand 

1 1'dden,  .T.  A.,  and  Phillips,  D.  McN.,  Geolojry  of  the  oil  and  pna  fields  of  Texas  :  T'niv. 
Texas  Bull.  24G,  1912. 
^Idem,   pp.    217-219. 
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Redmk' 

SlDanr' 
Badu 

Uthl'l 
BlKski 

B«Jili 

11ro«ngthab> 

Kadraeh 

Qraj  kanl  nsil . . . 
lUdand  bhx  nmn 

loistdv- 

Ucbt'bliieBbcle.. 

While  Bud 

WUIe  slate 

Oimj  Umo 

WUtsand 

Ttark-blueslaie... 
HmI  nnd  hlae  mud 

Rotlnisancl 

BkyblaaBhaJf.... 

RedravB 

Duk-blucahole... 

Whllannd 

D*rk-hlD*shml«. . 
-Cny  lima.  hard... 

Blueahnlr.. 

WhllBj«nd 

Shalf,bmks,PBTi 

Ltmtslialli 

B)u«Xl*'.....V." 
Blue  mad,  orm.. 

Hghl-b[u»shBle.. 
1)17  nnd 

fiand.MllwaUir.. 

Onr  lime 

Block  state)  Eriiiy 


Wf 


Desulptloii  oriamplei  of  rook- 


Daataglat**  notes. 


"i'.Ma'i  LUofslon 


HSanlo  nut«rlal.  In  vhlrh  w 

pon,  criDoM  Jolnti,  aplna  o[  I'mductui,  ■ 

.  _^  gaslrc^wd,  an  mtiaood,  a—*   ' 


uidslUlleitaale;  Chieleta notad. 
nnd  .ioikI.    Tbe  f 


A  tloDed  tube  betOra  Jgnltlou. 


ter  In  dknuilir  anc 


I  mllllnutflt  to  I 


.13?I^H 


pl«  wu  tba  note. "  Flnt  tap  shell  blc  sal  t  sand." 
Yellowiib-rrsy  sand  ol  Dne  Uxture.  Ivithtblswu 

some  dsik-fTiT  ihale,  soma  crtnoiiJ  Iraemenu,  and 

■oma  trmmsDU  dI  whlM  ihpn . 
Flne-taxtund  Tdlov  nnd,  with  eniiiu  from  0.2S  to 

O.OAX  mDUmsui  In  diameter.    Some  gray  ihale  tsba- 

talnlna  cakanoua  natfrtal. 


l^baatoBa.  yaDawlih,  ontaole,  seuMnkw  1*1 
nllDvobnt.  tuiTbis  a  flat  and  untaBgnWati 

■Ji  ofue  sample  Is  blulsh-cniy  shale,    in  mi 
noted  a  fragment  of  pTiitlted  wowliiUsffla. 
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1 
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a,  190 

2,1M 

3.3ca 

Host  ol  the  nmpli  Is  Htw  yelbw  sand.    The  nat  ia 

Dark-oray  B^^  with  rame  Uiln  laym  ol  flu  wUM 
d^  ^nidttl  linMetoQO  with  bi^htopod  sploM, 
pl«»ioIaheUfi. 

met«r  lin«,  oral,  glOier  a  foismiler  or  an  o':tra«Kl, 
ud  l^mnia  ol  Kxne  luce  shell  having  a  uuw- 

Do 

Hiirdl.rdwnsl«U3 

fSi'S5r>" 

Light  blue  aJsle 

2,340 

dant  frai;maQls  nf  fbafluteg  (?i,  splnei  a[  Prndur- 
lus,  PiioDid  Bietoa,  and  othw  (ossOs  erf  unlmowu 

Lra"*^  0, 

xWaSk,. 

:^BW 
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Log  of  HaUell  weU  No.  1,  etc. — Ck)ntlnued. 


Driller's  log. 


8«iid,  6  feet,  a  break  of 
3  feet,  and  solid  sand, 
3  feet. 


Thick- 
ness. 


Frft. 
12 


Very  black  shale. 


limestone  shoUs. 


Darkshafe 

Light-gray  sand  (shows 
little  water). 

Bark  slate 

Band 


Daric-blue  shale . 
Daik  shale 


240 


130 


32 
12 

21 
25 


Depth. 


Fret. 
2,980 


3,220 


3,350 


3,3S2 
3,394 

8,415 
3,440 


255 

285 


Daric-gray    limo;    lost 
tool. 


15 


3,e»5 
3,970 


Description  of  samples  of  rock. 


Depth  at 
wnlch 

sample 

was 

taken. 


Pert. 
2,974 


2,974- 
2,976 


3,015 
3,330 


3,382- 
8,394 


3,41»- 
3,440 


3,430 


3,850 


3,901- 
3,904 


3,985 


3,904- 
3,906 

3,906- 
3,911 


Geologist's  notes. 


About  one-half  of  this  sample  is  a  gray  calcareous 
shale,  containing  here  and  there  nunute  black 
shreos  of  vegetation.  Most  of  the  rest  of  the  sam- 
ple is  a  mixture  of  calcareous  fragments  and  gray 
siliceous  sand.  Fossils  noted:  A  few  crinoid  Joints. 
p>Titized  woody  fiber,  and  a  piece  of  brachiopoa 
valve. 

Dark,  almost  black  shale,  calcareous  in  spots  and  in 
part  minutely  micaceous.  Some  fine  sand.  The 
shale  disintegrates  when  washed.  Fossils  noted: 
Crinoid  stems  and  spines.  On  the  label  was  writ- 
ten the  word  "brake." 

Dark  bluish-gray  shale  of  fine  texture,  slightly  cal- 
careous, with  occasional  black,  indistinct  shreds  of 
A  egetation  and  minute  flakes  of  mica.  Fossil  frag- 
ments exceedingly  scarce. 

Block  shale  showing  indistinct  impressions  of  shreds 
of  vegoiation  on  fractured  surfaces.  Small  em- 
bedded flakes  of  coaly  material.  Some  shale  shows 
alternate  lambiee  of  fine  gray  sand.  All  this  shale 
is  fissile  and  sparingly  mk»oeous.  One-half  or  more 
of  the  sample  is  yellowish  sand,  with  grains  from 
0.5  to  0.062  millimetor  in  diameter.  There  are  also 
some  llmastone  fragments. 

Dove-colored,  slightly  mfeaooous  sandy  shale  and 
fine-grained  sandstone,  in  about  equal  quantities. 

The  greater  part  of  the  sample  is  black  shale,  slightly 
micaceous,  splitting  into  long  and  slender  shoepeg- 
like  flakes,  calcareous.  Heated  in  a  closed  tuM 
this  shale  decrepitates,  gives  off  strong  sulphurous 
funnel  and  becomes  magnet  io.  The  sample  in- 
cluded some  sand  and  calcareous  material.  Two 
fragments  of  coal  were  noted.  On  the  label  is  the 
note:  "No water." 

Yellowish-white  sand  of  mechanical  composition 
about  as  follows:  0.5  to  0.25  millimeter,  5  per  cent; 
0.25  to  0.125  millimeter,  SOper  cent;  40.125  to  0.062 
millimeter,  15  per  cent,  with  the  sand  are  some 
large  fragments  of  dark  calcareous  shale  of  fine  text- 
ure.   On  the  label  was  the  note:  "Middle  of  sand." 

Dark-gray  shale,  with  very  thin  layers  of  calcareous 
material.  Minute  flakes  of  mJca  noted,  and  also 
some  crinoid  stems.  The  shale  emits  sulphurous 
odor  when  heated  in  a  closed  tube. 

Dark-grav,  almost  black  shale,  of  fine  texture,  very 
stifl  and  hard .  When  rubbed  and  washed  in  water, 
it  hardly  disintegrates  at  all,  notably  less  than  all 
the  shale  above  this  depth.  A  put  of  the  sample 
is  calcareous  sandstone,  light  gray,  containing  a 
number  of  green  grains  (glauoonne? ) .  Heated  m  a 
closed  tube  it  gives  off  sulphur  fumes  and  becomes 
magnetk}.  Yellow  chitinous  fiakes  were  noted  in 
the  shale.  Fossils  noted:  Crinoid  stems,  cylindrio 
straight  spines,  fragments  showing  rectangular  can- 
cellations, apparently  of  organic  origin  (seen  under 
a  ^inch  objective),  and  an  undoubted  organks 
structure  consisting  of  fragments  of  perforate  shells 
of  some  foramhiifer-like  Endothyra.  On  the  label 
was  the  word  "top." 

Shale  and  organic  tragmental  limestone  as  in  the 
preceding  sample.  Also  some  black  shale  and  coal 
among  all  sixes  of  fragments.    Crinoid  stems  noted . 

Black,  indurated  shale  Uke  thepreoeding  two  samples. 
Whan  heated  in  a  closed  tube  it  emiu  bituminous 
fumes  and  ofl.  Fossils  noted:  Crinoid  Joints  and 
fragments  of  shells. 
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For  the  purpose  of  comparing  the  position  of  the  oil-producing 
sands  and  other  unexposed  beds  in  the  Petrolia,  Electra,  and  Burkbur- 
nett  oil  fields  of  northern  Texas  with  the  strata  encountered  in  deep 
wells  drilled  in  the  Grandfield  district,  a  few  typical  logs  of  wells  in 
these  oil  fields  and  vicinity  are  plotted  to  scale  on  Plate  III  (in  pocket) . 
The  writer  has  not  attempted  to  correlate  the  beds  in  these  sections, 
but  has  accepted  the  correlations  given  by  Udden  and  Phillips^  as 
being  much  more  thorough  than  he  could  possibly  make,  especially  as 
he  has  not  had  the  advantage  of  field  work  in  that  area. 

These  authors  say : 

The  limestone  at  1,445  feet  below  the  surface  in  the  Hals^l  weU  is  fbund  to 
contain  this  fossil  [Fusulina  cylindrical^  and  no  rock  higher  up  in  this  weU 
aeenis  to  be  of  a  kind  in  which  this  fossU  is  at  aU  likely  to  occur,  exciting  the 
other  thin  limestone  reported  at  the  depth  from  1,420  to  1,436  feet  This  part 
of  the  Halsell  weU  section  is  doubtless  also  the  equivalent  of  the  deeper  pro- 
ductive oil  and  gas  sands  in  the  two  fields  tmder  investigation.  These  consist  of 
shales,  limestones,  and  sandstones,  which  lie  at  from  1,600  to  1,700  feet  below 
the  sarfkce  in  the  wells  near  Petrolia  and  .at  from  1,800  to  2,000  feet  below  the 
surface  in  the  Electra  field.  This  general  correlation  seems  to  be  warranted  by 
paleontologic  evidence  as  ?rell  as  by  evidence  based  on  the  lithologic  character 
of  the  beds  explored  by  drilling. 

The  discussion  of  many  well  logs  and  a  large  amount  of  other  ex- 
tremely interesting  data  are  given  by  these  authors  in  the  above 
cited  report,  and  the  correlations  of  these  beds  are  summed  up  as 
follows :  * 

To  sum  up  the  essential  correlations  for  these  fuel  fields  [referring  to  Electra 
and  Petrolia  oil  and  gas  fields] :  The  Bend  formation  is  p<*rhaps  present  near 
3,900  feet  below  the  surface  in  tlie  southeast  part  or  the  areas  studied.  From 
about  3,900  to  1,800  feet  below  the  surface  the  bedrock  is  an  equivalent  of  the 
lower  half  of  the  Cisco,  tlie  Canyon,  aud  probably  the  Strawn  divisions  on  the 
Colorado  River.  The  Bull  Creelc  coal  aud  its  associated  dark  shales  aud  other 
beds  are  probably  the  stratigraphic  eiiuivaleuts  of  the  dark  shales  and  produc- 
tive sands  lying  at  from  1,500  to  1,800  feet  below  tlie  surface  iu  the  wells  near 
Petrolia  and  at  from  1,700  to  1,9(K)  feet  below  the  surface  in  the  Electra  wells. 
Some  thin  coal  seams  noted  in  the  lower  part  of  the  Albany  sediuients  in  the 
Colorado  River  basin  may  be  the  stratigraphic  tniuivaleuts  of  the  zone  produc- 
ing some  oil  at  about  750  feet  below  the  surface  in  a  part  of  the  field  at  Petrolia 
and  of  the  productive  sands  at  about  1,0(K)  feet  below  the  surface  uear  Electra. 

We  have  shown  that  it  is  more  than  likely  that  the  j?ns-beariiij;  sjuids  which 
lie  from  550  to  700  feet  below  sea  level  in  the  Henrietta  field  are  at  the  same 
horizon  in  the  general  section  as  the  oil-bearing  beils  iu  the  Electra  fields,  which 
lie  some  200  or  300  feet  deeper  40  miles  farther  west.  We  have  presented  three 
groups  of  facts  which  bear  out  this  cojiclusion.  The  Beaverburk  limestone 
shows  that  the  Wichita  beds  lie  practically  horizontal  on  an  east  aud  west  line 
for  about  15  miles.  Combining  90  observations  made  on  dips  in  the  area  be- 
tween Electra  and  Petrolia,  we  have  found  that  if  these  dips  be  tiken  to  rep- 
resent the  general  structure  of  the  terranes  between  these  two  points,  the  beds 
lie  nearly  horizontal.  Comparing  the  strata  explored  in  the  two  fuel  fields  we 
have  also  found  that  there  Is  iu  the  formations  thonist^lves  a  resemblance  which 
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confirms  our  belief  that  the  deep  productive  sands  in  the  two  fields,  as  well  as 
the  upper  sands,  are  to  be  correlated  with  each  other. 

Fbrtunately,  however,  we  are  not  limited  to  evidence  which  makes  our  con* 
elusions  on  this  i)oint  almost  certain,  but  still  questionable.  There  is  other  evi- 
dence which,  in  connection  with  that  already  mentioned,  must  be  fairly  conclu- 
sive, even  if  the  basis  of  facts  involved  is  somewhat  slender.  This  consists  In 
the  presence  In  the  deeper  oil-bearing  deposits  in  both  fields  of  a  few  identical 
fossils.  The  finding  of  these  fossils  also  enables  us  to  roughly  correlate  the 
underground  section  in  this  region  with  the  general  section  of  the  Penni^lva- 
nian  in  Texas. 

The  principal  object  of  Plate  III  is  to  show  the  depths  reached 
by  wells  in  the  Grandfield  district  and  those  at  which  oil  and  gas 
has  been  found  in  the  fields  of  northern  Texas  and  to  show  the 
apparent  variations  in  depths  below  sea  level  of  these  sands  where 
productive.  From  this  plate  it  is  evident  that  only  one  of  the  four 
wells  drilled  in  the  Grandfield  district  reached  a  depth  sufficient  to 
test  the  deeper  and  more  widely  productive  sands.  No  definite  cor- 
relations of  surface  beds  have  been  made  between  the  oil  fields  at 
Petrolia,  Burkburnett,  and  Electra  and  the  wells  of  the  Grandfield 
district,  but  such  work  as  has  been  done  suggests  that  the  rocks  at 
the  surface  in  the  Electra  and  Burkburnett  fields  are  not  very  far 
in  vertical  distance  from  those  at  the  surface  at  both  the  George 
Gabella,  the  Big  Pasture,  and  the  Grandfield  wells. 

This  plate  shows  all  the  information  now  available  regarding  the 
correlation  of  the  unexposed  rocks  of  the  Grandfield  district  with 
the  oil  sands  of  the  surrounding  region. 

BOCKS  EXPOSED  IN  THE  DISTBICT. 
AGE  AND  GENERALi  CHARACTER. 

In  most  of  the  Grandfield  district  the  hard  rocks  are  hidden  be- 
neath a  surficial  mantle  of  loose,  unconsolidated  material  consisting  of 

(1)  dune  sand,  spread  over  a  broad  belt  adjacent  to  Bed  River; 

(2)  a  dark  or  reddish  sandy  to  clay  soil,  largely  wind-blown,  covering 
most  of  the  smooth  slopes  of  the  interstream  areas;  and  (3)  a  red 
clay-silt  alluvium  found  in  the  broad,  flat  valleys  of  Deep  Red  Run 
and  its  tributaries.  Beneath  this  thin  veneer  of  Quaternary  beds, 
exposed  in  many  places  in  breaks  and  along  the  valley  sides,  lies  a 
thin  bed  of  coarse,  hard  quartz-lime  conglomerate  (here  named  the 
Grandfield  conglomerate),  very  persistent  and  rarely  exceeding  5 
feet  in  thickness,  which  has  been  variously  classified  as  of  Quaternary 
or  of  late  Tertiary  age.^  It  is  underlain  unconformably  by  "Red 
Beds  "  of  Permian  age  which  are  correlated  with  the  Wichita  forma- 
tion of  northern  Texas. 

*  Udden,  J.  A.,  and  Phillips,  D.  McN.,  Geology  of  the  oil  and  gas  fields  of  Texas :  Univ. 
Texas  Bull.  240,  p.  107,  1012. 
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CAHBONIFEROUS    SYSTEM     (PEBMIAN    SERIES ) . 
TRICSME&6  A»D  SUBDITISIOltB. 

In  the  Grandfield  district  the  lowest  outcropping  rocks  are  "  Bed 
Beds"  of  Peiinian  age,  but  the  total  thickness  of  these  beds  can  not 
be  determined  accurately  from  the  data  now  available.  In  northern 
Texas,  where  more  carefully  studied  by  geologists,  the  "Red  Beds" 
have  been  divided  into  three  formations,  the  Wichita  at  the  base  and 
(he  Clear  Fork  and  Double  Mountain  formations  above.  Gordon ' 
catimates  the  thickness  of  the  Wichita  formation  in  Shnckleford 
County,  Tex.,  at  1,000  to  1,200  feet.  Cummins'  says;  "These  beds 
[the  Wichita  formation]  are  heaviest  along  the  Big  Wichita  River, 
where  they  attain  a  thickness  of  2,000  feet."  He  also  assigns  a  thick- 
ness of  1,900  fe*t  for  the  Clear  Fork  and  2,000  feet  for  the  Double 
Mountain,  thus  giving  the  Permian  series  a  maximum  total  thickness 
in  northern  Texas  of  about  5,300  feet. 

It  seems  probable  that  the  Clear  Fork  and  Double  Mountain 
formations  are  not  present  in  the  Grandfield  district,  the  Permian 
series  being  represented  by  the  lower  portion  of  the  Wichita  forma- 
tion. In  the  absence  of  an  abundance  of  fossils  there  is  no  sure 
means  of  determining  in  well  sections  where  the  Permian  leaves  off 
and  the  Pennsylvanian  begins.     Udden'  says: 

We  know  that  the  upper  300  feel  or  morp  nt  Elet^trn  belong  to  (he  Wichita 
formation,  nnd  thut  tbe  shales  umi  sands  iienetniteil  frimi  1.400  lo  2,000  ft«t 
uniier  the  snrfm-e  helons  M  ttip  Ci^m,  Imt  lion-  miu'li  .if  the  lutervonlns  1.200 
feet  Bhould  be  allotted  to  each  we  can  onlj  guess  from  the  lithuloglc  appear- 
ance of  the  section  as  made  known  hy  tbe  driller's  records. 

This  conclusion  agrees  with  the  writer's  observations. 

WIOHTTA  TOBKATIOir. 
CHASACTEB   AHD   OCCnaBERCB. 

In  Shackleford  County,  Tex.,  the  Wichita  formation  consists  of 
blue  clays,  blue,  gray,  and  black  shales,  and  thick  beds  of  blue,  gray, 
and  yellowish  limestones.  Northward  from  that  county  the  thickness 
of  the  limestone  decreases  abruptly  atid  the  thickness  of  the  sandstone 
and  shale  correspondingly  increases.  In  Archer  and  Baylor  counties 
the  formation  contains  prominent  beds  of  red,  white,  nnd  yellowish 
sandstone.  The  limestone  diminishes  in  amount  northward  and  prac- 
tically disappears  from  the  formation  south  of  Red  River,  and  in  the 
same  direction  there  is  a  rapid  increase  in  the  amount  of  red  material, 

'QordoD,  C.  H.,  Geolog;  aod  underground  waters  of  the  WkhLCa  region,  nortb-centcal 
Teiai:  U,  8.  Geol.  Survey  Water-Supplj'  Paper  317,  1013. 

•  CummlDB,  W.  F..  Texas  Geol.  Surrey  Second  Ann.  Itept.,  p.  401.  1890. 

'  Udden,  J.  A.,  and  Pbllllps,  D.  McN.,  Geology  o(  tbe  oil  and  gas  Belds  of  Texas :  Calv. 
Texas  Bull.  S46,  p.  ee. 
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consisting  largely  of  red  clay  and  soft  sandstcme.  The  upper  portion 
of  the  Pennsylvanian  series  apparraitly  shows  the  same  change  from 
blue  to  red  sediments  northward  toward  Red  River  from  Young 
County,  Tex.,  and  where  the  contact  between  these  two  series  is  not 
exposed  at  the  surface  in  Wichita  and  Clay  counties  it  becomes  more 
end  more  difficult  to  trace  it  northward  by  well  records  to  the  Grand- 
field  district. 

As  already  noted,  the  lowest  rocks  exposed  in  the  Grandfield  dis- 
trict belong  to  the  Wichita  formation.  They  outcrop  along  the  bluffs 
of  Red  River  in  T.  5,  Rs.  11  and  12  W.,  and  consist  of  gray  and  red 
sandstone,  red  and  gray  shale,  red,  gray,  and  purplish  clay,  and  thin 
layers  of  reddish  to  gray  clay-limestone  conglomerate.  The  greatest 
single  outcrop  of  rocks  in  this  district  is  in  the  S.  i  sec.  30,  T.  5  S., 
E.  12  W.,  where  the  following  section  was  measured : 

Beds  exposed  in  "  breaks  "  on  north  side  of  Red  River  in  sec.  SO,  T.  5  fc*.,  R- 12  W, 

Quaternary :  Feet. 

1.  Sand,  loose  brownish  to  reddish,  coarse,  massive; 

seems  to  be  wind  blown ;  capping  bluff 15-30 

Permian  (Wichita  formation) : 

2.  Sandstone,    reddish,    thin   bedded,    ripple   marked; 

poorly  exposed  under  the  loose  sand 4 

3.  Clay  or  shale,  whitish,  with  some  thin-bedded  shaly 

sandstone 2 

4.  Clay,  red  to  grayish  (mostly  red),  with  some  soft, 

reddish,  thin,  smooth,  gray  calcitlc  lime  concre- 
tions; the  slumping  clay  almost  conceals  a  few  thin 
be^lH  of  very  soft  clayey  sandstone  near  the  base 40 

5.  Sandstone  and  clay.     Sandstone  reddish,  blocky  to 

platy,  cross-bedded  and  very  irregular  bedded. 
(Ganges  to  red  clayey  sandstone  with  light-colored 
streaks,  thence  to  red  clay  carrying  many  roundish 
clay-llnie  concretions  having  a  very  rough  sur- 
face and  a  burnt  brick-red  color.  The  beds  change 
from  sandstone  to  clay  and  back  to  sandstone 
within  short  horizontal  distances 15 

G.  Clay  and  sjindstone:  deep-red  clay,  interbedded  with 
and  changing  locally  to  reddish  and  grayish  clayey 
sandstone.  The  clay  in  many  places  contains 
smooth  roundish  gray  ciay-llmestone  concretions..        10 

7.  Sandstone;  top  i)art  soft,  locally  massive,  yellowish 
to  greenish  In  places,  contains  near  middle  large 
round  to  flattlsh  black  concretions  single  and 
twinneil,  some  of  which  are  more  than  a  foot 
In  diameter;  bottom  part  thin  and  irregular 
bedded,  weathers  reddish  with  canary-yellow 
streaks.  These  sandstones  and  concretions  change 
horizontally  Into  red  clay  and  shale  and  are  ex- 
tremely variable  iu  occurrence 11 
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Pemilun  (Wichita  formation) — Continued. 

8.  Sanilaloue.  dnrk  gray  uud  yellnwlab  nt  bnw  with 
<  lilack  speckR;  changtug  to  dark  mid  harder  lluiy 
■  Irregiilnrly  bedded  sandstone  in  middle,  whlcb  car- 
ries tlattlali  irregulurly  bedded  layers  at  a  very 
Lurd,  eloae-grnlned,  reddish  to  dark  roek,  which 
seeins  to  be  composed  of  rather  coarsw  sntMingnlar 
gralnH  of  quarts  cemented  with  limestone.  These 
leneea  rexlHl  erosion  better  than  the  adjacent  beils 
and  remalu  on  the  mrface  as  IrreRulnr  slabs  after 

tlie  other  portions  Lave  been  dislnl^rated 

0.  Sandstone,  grayish  to  light  canary -ye!  low,  rather 
massive 

10.  Sandstone,  massive,  soft  canary-yellow  to  dark 
leaden  Brny,  eoutalnlng  remains  of  fossil  plants 
and  small  amounts  of  copper  ore  In  lower  5  feet — 

1.1.  Clay  and  shale,  whldsb  to  light  gray,  changing  tfi 
deep  purple  blocky  clay  with  lumps  and  streaks 
of  copper  ore  and  shale  or  clay  pebblea 

l:i.  Kliale.  clayey,  red  and  gray  to  green 

13.  Couglomenite.  clay-limestone;  soft,  gray  to  reddish, 

coutalns  in  places  frngmeuta  of  bones.  This  beil 
is  in  many  places  absent 

14.  Clay,  deep  red  to  purplish  with  one  or  more  thin 

layers  of  soft  Impnre  whitish  sandstone  neor  base ; 
clay  contains  In  lower  part  considerable  number 
of  rather  small  gray,  rotiodlsh  calcific  cliiy-llme- 
stiine  cimeretlouB 

15.  Siiiidstr.ni'.  ^-friol  luvoi'  at  top  of  Butf.  whitish  lo  frray 

sanddtoiie  which  has  the  api>earance  of  having  be- 
come bleached  and  which  In  weathering  forms  cy- 
lindrical holes  lu  upper  surface  (one-fourth  to 
one-half  Inch  in  diameter)  which  trend  in  all 
directions  in  top  layer.  These  boles  appear  to 
bave  been  made  by  burrowing  animals  or  worms 
in  the  ancient  sand  beach.  Under  this  layer  is 
a  massive  reddish  irregular-bedded  impure  sand- 
stone having  many  thin  dark  streaks  made  up 
of  smalt  round  black  specks  which  are  slightly 
more  resistant  to  weathering  and  appear  as  rldgen 
on  face  of  cliff.  Near  base  lia  a  massive  layer 
carrying  many  round  black  cannonball-llke  con- 
cretions, the  largest  a  foot  lu  diameter.  Sandstone 
very  Irregular  bedded  with  many  crosB-beddeil 
zones  and  whitish  layer  at  base 

16.  Clay,  deep  red.  with  thin  purplish  and  ashen-colored 

layers,  a  few  very  thin  layers  of  soft  gr:iy  sand- 
stone, and  a  layer  of  clay  pebbles  in  gray  calca- 
reous clay  at  tlie  bottom 

17.  Sandstone,    reddish,    at    top,    changing    to    grayish 

toward  bottom,  massive  Irregular  bedded 


d 
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Permian  (Wichita  forma tion)--Ck)ntinued.  Feet. 

18.  Clay,  principally  deep  red,  with  thin  layers  of  sand- 
stone and  sandy  shale,  beds  very  poorly  exposed 
with  about  10  feet  of  greenish  clay  or  shale  at 
river  level;  about 60 


233 
This  section  was  measured  hurriedly,  the  writer  expecting  to 
return  later  and  study  in  great  detail  the  changes  which  each  bed 
undergoes  within  this  outcrop  of  more  than  a  mile,  but  he  was  unable 
to  do  so.  If  several  sections  were  made  at  different  places  along  this 
outcrop,  they  would  probably  show  considerable  variation,  especially 
above  bed  11.  In  fact,  at  some  places  the  sandstone  above  that  bed 
is  much  thinner  and  in  others  is  probably  replaced  entirely  by  red 
clay  and  shale.  Sandstone  15  above  is  the  most  persistent  stratum 
in  the  section,  and  the  white  bed  at  its  top  can.be  picked  out  with 
considerable  certainty.  A  collection  of  poorly  preserved  fossil  plants 
obtained  from  the  lower  5  feet  of  sandstone  10  shows  that  the  beds 
are  of  Permian  age.  Other  sections  of  the  formation  along  Red 
River  are  given  below : 

Section  in  bluff  on  north  side  of  Red  River  in  ^W,  \  «ec.  5,  T.  5  8.,  R.  It  W. 

Quaternary ;  l''^*^*- 

1.  Sand,  river,  loose,  massive,  yellowish,  unstratlfled, 

wind  blown,  at  top  of  bluff 18 

Perininn  (Wichita  formation)  : 

2.  Clay,    red 4 

X  (May,  red,  with  a  few  thin  layers  of  light-colored 

sandstone 4 

4.  Sandstone,  reddish,  thin,  fairly  smooth  bedded r» 

r».  Sandstone,  reddish,  thin  bedded,  platy  to  massive, 
with  black  hard  limy  plates  and  lenses  which  con- 
tain olive-green  and  canary-yellow  clay  pebbles 0 

G.  (V)nc('ale<l 1 

7.  Sandstone,  yellowish  to  grayish,  changing  to  whitish 
In   places,    weathers   in   peculiar    tiny    spirelike 

columns 3 

R.  Clay,  whitish  sandy  clay  with  canary-yellow  streaks.  1 

0.  Concealed   (probably  ashen  clay) 7 

10.  riay.  dark  red 2 

n.  (lay,  rod 1 

12.  SandHlone,  white,  clayey 1 

1*5.  Clay,  dark  red,  with  thin  white  sandstone  lens  in 

middle 0 

14.  Sandstone,  white,  shaly 1 

15.  Clay,  blocky,  bright  red 2 

10.  Clay,  reddish  at  bottom,  changing  to  ashen  above, 

with  white  sandy  blotches 0 

17.  Sand  and  alluvium  of  present  flood  plain  down  to 

water  of  river 8 
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About  a  mile  farther  east  the  following  tocomplHe  section   vraa 


tneamflete  t»mpaHlr  tecMon  of  tw1«  erpotei  im  Nnff  o*  itoriit  aitU  of  I 
Ktvtr  mmr  mMUt  «/  morth  H»e  of  »tr.  i,  T.  5  a„  B.  It  W. 


L  &  Opaciatod  on  temee  bjr  aofl.  nni-umollidafeil  trioil- 

iliimi  nnd.  aMtnilHcd  and  of  Btsnut  age- 

%  Ctmr,  rad.  wlik  tUn  whitish  to  raldiBb  larers  <if 

tnaWfliwi.  Atlj  •!  tew-- — „ 

BtatttUmti,  KTMBlBh  or  Itluiah  to  gmr.  sbnrp.  Oiw 
fnilnMl.thSn  bedded.  rvddlsbidatrLiyersathiiar. 
h  reddMt,  KeDemlly  tliln.ora»tb«i]d»d  aud 
TMT  IrreiniUr  bedded,  eArrjrlae  dark  hard  Hnr, 
cowfWloaa:  at  lop  a  thin  mft  liuir  Iu?«r  mu- 

lalnliig  niaay  Rnall  U.ick  tqw^ks 

10.  Congl'mienite.  rlar -limestone.  cootainiDi:  Intprsti- 
tiaJ  calcite,  clay,  and  cben  pebblra.  many  of 
which  are  yellow  or  brown ;  rery  Irregular  bed- 
ded and  Tarlable  in  occurrence 

11-  Bandatooe,  smooth  bedded,  reddiab 

12.  Clay,  red,  coatainlng  thin  plat«9  of  reddle  sand- 

atone 

13.  Sandstone,  reddish,  thin  bedded,  laminated,  nsnally 

platy  and  cross-bedded,  becoming  coarse,  mas- 
sire,  irregular  bedded  toward  base;  makes 
prominent  cliB  in  bluff 

14.  Clay,  red,  to  ccmcealed  beds.. 


15.  Concealed  or  poorly  exposed  to  water  of  Red 
Blver;  teems  to  t>e  largely  red  clay  with  a  few 
this  beds  of  red  sandstone,  about 


The  above  sections  are  typical  of  the  larger  exposures  of  the 
Wichita  formation  along  Red  River  east  of  R.  1-3-  West  of  that 
range  the  outcrops  of  Permian  rocks  along  the  north  bank  of  Red 
Kiver  are  very  scarce  and  are  uniformly  of  small  vertical  extent. 
The  beds  exposed  are  usually  red  clay  and  irrepilar  beds  of  gray  or 
reddish  sandstone,  which  can  not  be  correlated  from  one  outcrop  to 
another. 
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AUon(  ooireLoiixBATB  LnrriL. 

An  exception  to  the  rule  just  stated — that  correlation  of  the  Per- 
mian from  outcrop  to  outcrop  is  impossible  west  of  B.  13 — ^was  noted 
along  the  river  bluff  in  the  northwestern  part  of  T.  5  S.,  B.  15  W.,  and 
northward  for  several  miles  on  the  ^'  breaks  '^  <m  the  east  side  of  Auger 
Creek.  At  these  places  occur  imperfect  exposures  of  a  thin  series  of 
gray  to  reddish  sandstone  beds' separated  by  red  clay  and  containing  a 
peculiar  conglomerate  consisting  principally  of  limestone  with  small 
included  balls  of  red  and  gray  clay.  These  beds  are  so  characteristic 
that  they  may  be  recognized  with  certainty  at  many  places  over  the 
area  back  from  Red  Kiver.  The  clay-limestone  conglomerate  and  its 
associated  beds  of  sandstone  are  here  named  the  Auger  conglomerate 
lentil,  from  the  exposures  on  Auger  Creek  and  also  at  ^  Old  Fort 
Auger,''  the  site  of  which  is  in  the  N.  |  sec  6,  T.  5  S.,  R.  15  W.  The 
following  is  a  fairly  typical  section  of  this  series  of  beds : 

Section  of  Auger  conglomerate  lentil  and  associated  rocks  atposed  in  "  break  ** 
near  head  of  small  run  in  NW.  i  sec.  6,  T.  4  B,^  R-  f5  W. 

Qnatemary :  Feet. 

1.  Sou  concealing  rocks  nt  top  of  break 15-20 

Permian  (Wichita  formation)  :  ^ 

Anger  conglomerate  lentil : 

2.  Clay  and  sandfitone;  tbin  beds  of  whltfiA  to  red- 

dish clayey  sandstone  in  red  clay,  sandstone  be- 
ing very  Irregnlar  bedded,  reddiigh  layers  very 
thin  and  platy  but  false  bedded 5 

3.  Sandstone,  bluish  white,  clayey,  some  layers  ripple 

marked,  weathering  in  curly  Irregular  layera 
Other  beds  are  charactertstlcally  cross-bedded 
nt  anjcles  up  to  20^  from  horizontal ;  grades  be- 
low into  rather  massive  sandstone  layers  that 
are  reddish  In  places.  At  other  places  has  thin 
bed  of  red  clay  near  the  middle;  lower  beds 
very  irregular  bedded 6 

4.  Conglomerate,    clay-limestone,    containing   small 

clay  i)ebb1eR  interbeddcd  with  sharp  gray  to 
reddish  sandstone  in  which  occur  many  tiny 
black  specks.  The  conglomerate  appears  In 
two  layers  in  places,  one  near  top  and  another 
near  Iwttom.  It  Is  very  irregular  in  bedding 
and  thickness.  I-pper  beds  generally  very  hard 
and  reddish,  lowest  bed  often  bluish  gray.  The 
matrix  of  the  conglomerate  Is  principally  lime- 
stone and  fine  clay,  cementing  together  small 
red  and  greenish  to  gray  balls  of  clay 5-8 

5.  Tn  places  the  lower  conglomerate  Is  cot  out  by  a 

9ott  bluish-white  sandstone;  maximum  thick- 
ness    2 
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Permiau  (Wichita  forma tlon > —Gout iuued.  Fest. 

Auger  conglomerate  lentil — Cnntimied. 

6.  Clay,  bright  red,  jointed,  cuctalnlng  roundish  gray 
to  reddish  limestone  coDcretloos.  Base  of  clay 
concealed  below  the  bottom  of  the  river 15 


These  bods  change  greatly  in  thickness  and  appearance  within  the 
length  of  this  outcrop  and  from  one  exposing  to  another.  The  con- 
glomerate layers  are  ei'erywheiy?  very  variable  and  are  in  places  en- 
tirely absent.  The  sandstones  are  also  very  changeable  in  character 
and  appearance,  but  the  series  taken  as  a  whole,  where  well  exposed, 
can  be  identified  with  reasonable  certainty.  Fortunately  for  the 
determination  of  the  structure  in  this  district  the  Auger  conglomerate 
lentil  outcrops  at  many  places  on  streams  tributary  to  Red  River 
from  the  north  and  on  Deep  Red  Run  and  its  tributaries  from  the 
south,  from  Rs.  11  to  16  W.  A  typical  outcrop  of  this  conglomerate 
in  the  vicinity  of  Deep  Red  Run  is  ^ven  below: 

8«cUon  of  Auger  cotifflomerate  lenUl  ani  assoctaled  bedt  &rposed  on  Muth  wUe 
of  valley  of  Deep  Red  Run  In  B.  i  SE.  i  aeo.  27,  T.  3  B.,  R.  J*  W.,  about  Si 
milea  northeast  of  Orandfleli,  Okla. 

Quaternary:  Feet. 

1.  Soil,  reddish,  sandy,  concealing  rock  at  top  of  break—        12 
Permian  (Wichita  fonnation) : 
Auger  conglomerate  lentil : 

2.  Sandstone,  ntldish  to  craylsh,  very  soft S 

3.  Conglomerate,  clay-limestone,  light  gray  to  red- 

dlBh,  very  hard  in  places  and  very  Irregnlarly 
bedded  ood  changeable  In  tbictoera.  embedded 
In  sandstone ;  dnaximum  thickness 3 

4.  Sandstone     and     clay-limestone     conglomerate. 

The  sandBtone  Is  soft,  sharp,  massive,  very  Ir- 
regular bedded,  reddish  to  gray,  the  gray  layers 
near  top  and  bottom  carrying  numerous  little 
black  specks,  presumably  of  somemauganesemln- 
eral,  which  range  In  size  from  that  of  a  pinbead 
to  a  quarter  of  an  Inch  In  diameter.  These  give 
the  hed  a  peculiar  speckled  appearance.  This 
sandstone  also  carries  numerous  small  disk- 
tike  sandstone  concretions,  from  1  to  2  Inches  in 
diameter.  The  clay  .limestone  conglomerate  is 
Interbedded  with  sandstone  near  the  middle  and 
ranges  In  thickness  from  6  Inches  to  2  feet.  It 
Is  reddlsb,  hard,  principally  limestone,  wltb 
some  caldte,  and  includes  many  small  lumps 
and  balls  of  reddlsb  to  grayish  clay 8 

5.  Conglomerate,  clay-llmestoiie;  (rraylsh  limestone. 

carrying  hi ulsh  and  whitlshclay  lumps  and  balls. 
Very  Irregular  In  occurrence;  frequently  ap- 
pears to  be  cut  out  by  the  overlying  sandstone; 
maximum  tbickness 2 


8TBATIGBAPHY.  25 

P^mian  (Wichita  formation) — Continued.  Feet. 

*    Auger  conglomerate  lentil — Continued. 

6.  Clay,  bright  red,  tough,  containing  considerable 

numbers  of  roundish  grayish  limestone  concre- 
tions at  top  and  larger  reddish  rough  roundish 
ones  near  the  bottom;  also  a  2-inch  layer  of 
clayey  limestone  near  base  and  another  7  feet 
above   base 22 

7.  Conglomerate,  clay-limestone,  soft,  grayish,  com- 

posed  largely   of   small   calcareous  clay  balls 
poorly  cemented  together  by  lime;  less  than 1 

8.  Clay,   red,   with   a   few   calcareous   concretions, 

down  to  alluvium  of  valley 4 

No  single  exposure  is  typical  of  this  conglomerate  lentil,  because 
each  bed  is  variable  from  place  to  place.  However,  the  lentil  as  a 
whole  does  not  change  so  much  from  one  outcrop  to  another  that  it 
may  not  be  recognized  wherever  exposures  are  good.  Toward  the 
east,  in  Rs.  12  and  11,  the  clay-limestone  conglomerate  bed  becomes 
more  sandy  and  loses  its  characteristic  lumpy  conglomeratic  appear- 
ance. If  the  writer's  correlations  are  correct  the  conglomerate  bed 
becomes  darker  and  harder  toward  the  east,  and  in  many  places  has 
the  smooth-grained  appearance  of  a  calcareous,  somewhat  ferrugi- 
nous sandstone  and  weathers  out  of  the  inclosed  sandstone  as  irregu- 
lar, slablike  lenses  or  more  or  less  round  to  flattish  concretionary 
masses,  some  of  which  are  several  feet  in  length. 

The  thin  layers  of  sandstone  in  the  red  clay  noted  near  the  base  of 
the  above  section  appear  to  grow  thicker  toward  the  east^  and  in  that 
direction  other  sandstones  appear  in  the  red  clay  at  points  in  the 
stratigraphic  section  farther  below  the  Auger  lentil.  The  clay -lime- 
stone bed  of  the  Auger  lentil  is  generally  present  along  the  south  side 
of  Deep  Red  Run  through  R.  13,  but  in  Rs.  12  and  11  the  clay  pebble 
content  seems  to  be  largely  replaced  by  sand,  making  dark,  hard,  very 
limy  sandstone  concretions  and  slablike  lenses  in  the  gray  "  speckled  " 
sandstone.  The  following  section  is  generally  typical  of  the  Auger 
conglomerate  in  Rs.  11  and  12  W. 

Section  of  Auger  conglomerate  lentil  exposed  in  a  small  butte  in  8W.  i  NE.  i 
see.  IS,  T.  If  S.,  R.  12  \V.,  about  ^  inQes  northeast  of  Randleit. 

Feet. 

1.  Sandstone,  whitish  to  dark,  with  many  large  dark  plate- 

like to  roundish  sand-limestone  lenses  from  1  to  several 
feet  in  length.  These  lenses  seem  to  be  colored  by  a 
(lark  brittle  substance,  probably  a  manganese  mineral —  4 

2.  Saudstone,  soft,  whitish,  rather  massive  to  thin  bedded, 

carrying  a  "speckled"  layer  (gray  sandstone  with 
small  black  specks)  toward  the  top  and  a  dark,  mottled 
grayish  to  very  dark  sand-limestone  bed  at  the  base, 
which  seems  to  contain  considerable  quantities  of  min- 
eral resembling  wad -4-0 
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Feet. 

3.  SandBtouP.  soft,   white    (in   pinces  bluisb  white),   ttiln- 

bedd«d  to  mflBtdre:  very  irregular  in  illstrlbution  aad 
Ihieknessi  tseeina  to  be  cut  out  in  places  bf  uuderljiDg 
red  day:  gre«teet  ihlcioieSB 3 

4.  <1fly.  bright  red.   wltli  very  Tew  grayish   limestone  con- 

cretions aod  some  scattered  gray  b[ioIs  a  (ew  tUL'hes  in 
dlumelPr ^ 0 

n.  ^TidBtODC.  mnRsive;  Inmiiy.  rnldlBh.   vpry  clayey;  dianp- 

I*nrs  to  sindy  red  clayey  ahiile  within  100  feet T 

0.  Cliiy.  red.  tough;  changes  In  places  to  clayey  xhale lo 

7.  Simdslone,  milk-white  to  bluish  whilt>  (rery  conspiouuuKl , 

DitLHsive,  btoclcy.  very  irregular  la  dlBtributiiiu,  cbaiiges 
In  a  Tew  Inches  of  rlpple-mnrl;e<l  reddish  clayey  thin- 
bedded  sandstone  within  50  feet ;  grenleat  thickness 4 

8.  Clny.  red,  contnlntng  coiicreiiuns  of  rough  roundish  lime- 

stone of  peculiar  burnt  brick-red  color.  Other  beds  of 
*IhiB  cltiy  earrj-  niundish  coucretions  fi-om  2  lo  4  Inches 
In  diameter  cont.ilninn  beantKuliy  developed  crystals  of 
hnrlte  nod  also  some  peculiar  brownish-yellow  llrae- 
slone  concretions  which  fracture  Into  bnlves.  The 
thickness  of  these  beds  of  clay  could  not  be  determined 

but  is  probably  about in 

0.  Sandstone,  reddisli.  uiiiBsive  to  thiu  bedded,  very  Irregular- 
liedded  and  poorly  exposed.  This  sundstoue,  with  inler- 
bedded  red  day,  extends  down  to  bed  of  Deep  Hed 
Rnn 20 

0!V-TS 
In  this  exposure  sandstones  1  and  2  are  very  probably  beds  of 
the  Auger  lentil,  which  in  the  previous  section  included  the  lower 
layer  of  the  clay-limestone  conglomerate,  but  they  may  represent  the 
upper  layer  of  the  Auger  conglomerate,  which  in  some  places  occurs  a 
few  feet  above  the  speckled  sandstone  layer.  Sandstone  3  is  probably 
the  irregular  bluish-white  layer  that  normally  underlies  the  upper 
conglomerate  layer  of  the  Auger  lentil. 

The  beds  at  the  base  of  the  above  section  are  better  exposed  about 
2  miles  west  of  the  section,  where  the  rocks  outcrop  along  the  edges 
of  a  large  "  break  "  or  "  wash  "  covering  several  hundred  acres. 

Composite  gectinit  of  rocks  exposed  in  a  "  break  "  in  .V.  i  sec.  I'l.  T.  -J  S..  R.  ]2  W, 
Quaternary:  F«t. 

1.  Concealed  by  soil   (maitimuin  thickness) 10 

Permian  {Wichita  fominflon)  : 

2.  Limestone,    very    sandy,    with    some    red    clay.     Id 

places  a  very  limy  sandstone  and  in  others  forms 
large  roundish  concretions  as  much  as  4  feet  In 
diameter.  Usually  Clie  Impure  limestone  Is  dark 
to  reddish,  close,  very  hard  and  bridle  and  occurs 
as  flattlsta  slablike  lenses  In  soft  grayish  to  red- 
dish Irregular-bedded  suudslone.  Usually  fouud 
as  stabs,  bowlders,  and  concretionary  musses  cap- 
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Pennlan  (Wldilta  formation) — Continued.  FMt 

ping  the  tops  of  tbe  breaks  and  scattered  irregu- 
larly over  the  surface  abore  the  "  breaks ;  *' 
greatest  thickness 5 

3.  Sandstone  ("speckled*'  bed),  gray  to  slightly  red- 

dish, soft,  sharp,  with  many  small  black  specks. 
Sandstone  has  same  sharp,  brittle,  homogeneous 
character  wherever  seen 2-4 

4.  Sandstone,    soft,    bluish,    white,   cross-bedded,    and 

laminated,  very  irregular  in  occurrence;  greatest 

thickness 2 

r>.  Conglomerate;  soft  gray  to  red  clay-limestone  beds, 
tbe  balls  of  clay  being  very  small  and  as  a  rule  not 
closely  cemented ;  very  irregular  in  occurrence  and 
appears  to  be  at  places  locally  unconformable  on 
the  red  clay  below 1 

6.  Clny,  bright  red,  with  occasional  small  white  splotches 

(same  as  the  clay  below  the  typical  Auger  con- 
glomerate lentil) 4-10 

7.  Clay   or    sandstone,   generally    ted   but   containing 

purplish  and  ashen  zones;  very  tough;  changes 
frequently  to  sandy  clay  or  shale,  which  at  many 
places  is  replaced  by  reddish  to  wliite  or  bluish, 
very  soft,  blocky,  massive,  very  irregular-bedded 
sandstones.  At  places  where  these  sandstone 
layers  are  thin  or  absent  the  clay  contains  many 
rough  roundish,  burnt  brick-red  clay-limestone 
concretions,  the  largest  6  or  8  inches  In  diameter, 
with  very  rough,  sharp  surfaces 8-20 

5.  Sandstone,  reddish  to  gray,  shaly,  choppy,  ripple- 

marked;    poorly  exposed;   concealed  at  top  and 

bottom  3 

0.  Concealed 2 

30.  Sandstone,  dark,  hard,  thin  bedded,  limy 1 

11.  Concealed  (probably  of  red  color) 1 

12.  Sandstone,  grayish,  with  dark  to  reddish-brown  hard 

balls  from  one-fourth  to  three-eighths  inch  in  di- 
ameter, composed  of  iron-manganese  minerals  and 
limestone.  In  places  this  bed  is  black,  with  gray 
splotches 2-4 

13.  Concealed   (probably  red  clay) 3 

14.  Sandstone,  whitish  to  gray;  hard,  thin  bedded 1 

15.  Sandstone,    reddish,   cross-bedded;  very    thin   platy 

layers  which  in  places  are  extremely  smooth, 
breaking:  out  in  sheets  2  by  3  feet  by  one-half  Inch 
in  thickness;  characteristic  fine  threadlike  ridges 
of  grayish  limestone  run  at  different  angles  across 

plates 1-2 

10.  Clay  red 1-3 

17.  Sandstone,  red,  thin  bedded  to  massive,  very  Irregu- 

lar btMlded;  lower  bed  cross-bedded 3 

18.  Clay,  red,  and  thin,  irregular-bedded,  rather  clayey 

sandstone 4 
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Permian  (Wichita  formation) — Ck>ntinaed.  Feet. 

19.  Sandstone;   soft,   reddish,   choppy,   ripple   marked, 

with  thin  grayish  bed  at  top 2-3 

20.  Sandstone,  massive,  deep  red,  irregular  bedded,  with 

dark,  harder  layers  one-fourth  inch  thick,  which 

are  reddish  on  fresh  fracture 8 

21.  Sandstone,  reddish,  hard,  limy,  Interbedded  with  red 

day  and  clayey  thin-bedded  sandstone S 

22.  Sandstone,  whitish,  soft,  irregular  bedded  i  somewhat 

massive  cross-bedded  layer  at  top  and  changing  to 
red  sandstone  below ;  v&cy  irregular  in  occurr^ice  ; 
exposure  suggests  an  unconformity  at  bottom; 

greatest  thickness ^         8 

28.  Sandstone,  red,  impure,  massive,  blocky,  irregular 

bedded,  extoiding  down  to  bed  of  creek 3-4S 
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These  sections  have  been  selected  to  show  the  general  character  of 
the  Permian  rocks  exposed  in  the  Grandfield  district.  They  will 
serve  as  guides  in  the  more  detailed  discussion  of  other  and  generally 
poorer  exposures  of  the  Auger  conglomerate,  which  are  used  to  de- 
termine the  general  structure  or  dip  of  the  Permian  strata  in  this 
territory.     (See  description  of  the  rocks  by  townships,  pp.  34-74.) 

TEBTIART  OR  QUATERNARY  SYSTEM. 
ORAHBnSLD  OOVOLOXEBATE. 

In  this  district  tliere  was  observed  at  many  places  a  thin  bed  of 
peculiar  reddish  conglomerate,  consisting  of  a  matrix  of  red  clay 
and  limestone  inclosing  many  pebbles  of  quartz,  quartzite,  and  a  few 
of  granit^  together  with  fragments  of  chert  and  occasional  pieces 
of  limestone  and  silicified  wood.  The  pebbles  are  waterworn  and  in 
general  fairly  well  rounded,  and  the  largest  are  3  inches  or  more  in 
diameter.  This  conglomerate  is  a  compact,  indurated  bed,  surpris- 
ingly uniform  in  character  and  probably  averaging  3  or  4  feet  in 
thickness.  It  is  widely  exposed,  outcropping  at  many  places  on  the 
broad  divide  between  Red  River  and  Deep  Red  Run  and  along  both 
sides  of  the  valley  of  the  latter  stream  across  the  district.  It  is  here 
named  the  Grandfield  conglomerate,  from  the  town  of  Grandfield, 
where  it  is  well  exposed  on  the  south  rim  of  the  hill  on  which  the 
town  is  built.  It  lies  just  below  the  surface  at  many  places  in  this 
town.  It  also  caps  a  dome-shaped  hill,  known  locally  as  Curtis  Hill, 
in  the  N.  ^  sec.  13,  T.  4  S.,  R.  15  W.,  and  is  found  along  the  noses  of 
the  hills  adjacent  to  most  of  the  large  tributaries  to  Deep  Red  Run 
from  the  north  in  this  district. 

The  Grandfield  conglomerate  everywhere  lies  unconformably  upon 
the  Wichita  formation  (Pemiian),  and  displays  a  structure  that  is 
surprisingly  conformable  to  the  present  topography,  being  high  on 
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the  divides  and  low  near  the  valleys.  For  want  of  time  in  the  field 
little  study  was  given  to  this  conglomerate  and  the  data  obtained 
were  noted  incidentally  in  mapping  the  Permian  rocks.  By  further 
work  it  will  probably  be  correlated  with  some  portion  of  the  Seymour 
formation,  in  Wichita  County,  Tex.,  described  by  Gbrdon  ^  and 
referred  by  him  to  the  Pleistocene.  It  very  closely  resembles  the 
conglomerate  seen  by  Udden  and  Phillips*  on  some  of  the  higher 
ridges  near  and  north  of  the  Electra  oil  fields,  which  they  describe 
as  follows : 

A  conglomerate  which  has  been  variously  classified  as  of  Pleistocene  or 
of  late  Tertiary  age  should  i)erhaps  be  noted,  for  the  reason  that  it  has  been 
mistaken  by  some  for  a  part  of  the  terranes  whose  structure  determines  the 
oil  accumulations  in  these  fields. 

This  conglomerate  is  of  so  late  an  origin  that  its  distribution  is  clearly 
to  some  extent  related  to  the  topography  developed  by  the  present  drainage. 
It  lies  high  up  on  the  divides  and  low  down  in  the  larger  valleys,  and  can 
therefore  not  have  the  remotest  connection  with  the  structures  of  the  Paleozoic 
series.  It  was  noted  on  some  of  the  highest  hills  on  the  divide  between  the 
Wichita  and  the  Red  River  east  from  Electra,  and  on  some  of  the  hills  north 
and  west  of  Iowa  Park.  It  caps  the  bluffs  on  the  north  side  of  the  Wichita 
at  several  points  southwest  of  Iowa  Park.  It  was  noted  on  the  north  shelf 
of  Beaver  Creek,  at  a  point  nearly  due  south  of  ESectra,  and  again  it  was 
found  capping  the  highest  point  of  land  on  the  divide  between  this  creek  and 
the  Wichita  River,  in  the  southwest  comer  of  Wichita  CJounty.  Everywhere 
this  conglomerate  resembles  stream  gravel  except  as  to  its  indurated  condition. 
It  is  cemented  with  copious  calcareous  material,  often  of  a  cinnamon  color. 
Cross-bedded  sand  is  generally  interbedded  with  the  gravel,  and  occasionally 
it  contains  streaks  of  yellow  and  calcareous  silt.  It  appears  that  this  con- 
glomerate Is  one  of  the  remnants  of  a  long  series  of  stream  sediments  which 
have  been  laid  down  on  the  Plains  during  a  time  dating  back  from  the  later 
Tertiary  age  to  the  late  Pleistocene. 

The  writer  did  not  attempt  to  trace  the  outcrops  of  this  con- 
glomerate in  the  Grandfield  district.  A  casual  study  of  exposures, 
however,  suggested  strongly  that  the  Grandfield  is  not  the  only  quartz 
conglomerate  there  present,  but  that  at  places  along  Deep  Red  Run 
and  many  of  its  larger  tributaries  there  are  local  thin  beds  of  quartz 
and  quartzite  pebbles  which  are  distinctly  younger  than  the  Grand- 
field  conglomerate  and  which  were  probably  derived  from  that  bed  by 
weathering  and  were  redeposited  along  the  streams.  These  secondary 
quartz  pelAle  beds  are  usually  un indurated  or  very  poorly  cemented 
and,  as  a  rule,  appear  to  contain  a  larger  percentage  of  pebbles. 
The  writer  was  able  to  distinguish  with  considerable  certainty  be- 
tween the  Grandfield  and  these  younger  gravels,  but  made  no  attempt 
to  gather  data  to  fix  exactly  their  relative  ages. 

The  Grandfield  is  surprisingly  uniform  in  composition,  appearance, 
thickness,   and  hardness  throughout  the  district,  and   its  uniform 

1  Gordon,  C.  H.,  U.  8.  Geol.  Survey  Water-Supply  Paper  317,  p.  30,  1913. 

2  Udden,  J.  A.,  and  Phillips,  I).  McN.,  Univ.  Texas  Bull.  246,  pw  107.  1912. 
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character  suggests  that  it  may  not  be  a  stream  deposit  Its  structure 
does  show  a  very  marked  relation  to  the  topography,  the  bed  being 
present  along  the  higher  divides  and  in  the  points  of  the  low  hills 
adjacent  to  the  larger  streams..  Notwithstanding  the  unconformity 
between  this  conglomerate  and  the  underlying  Permian  rocks  the 
structure  of  the  two  formations  is  very  much  alike,  as  may  be  seen 
from  the  elevati<His  shown  in  Plate  IV  (in  pocket).  This  suggests 
that  the  Grandfield  conglomerate  may  have  been  deposited  on  a  fairly 
smooth,  even  surface  and  later  subjected  to  slight  deformation,  and 
that  subsequent  streams  working  in  the  soft  fine  sand  and  clay  beds 
above  this  hard  resistant  layer  have  carved  the  surface  roughly  con- 
formable to  it 

The  unconformity  at  the  base  of  this  conglomerate  is  clearly 
marked.  .It  seems  to  be  least  at  the  south,  where  in  places  as  much  as 
60  feet  of  red  clay  intervenes  between  the  Grandfield  conglomerate 
and  the  Auger  ccng^omerate  lentil  .below,  and  greatest  toward  the 
north,  where  in  places  the  Grandfield  conglomerate  cuts  out  entirely 
the  Auger  lentil  and  rests  on  red  clay  several  feet  below  its  horizon. 

QUATESNABT  SYSTEM. 

Oravela. — ^Thin  beds  of  loose  gravel  consisting  largely  of  quartz, 
quartzite,  and  some  chert  were  found  at  a  number  of  places  adjacent 
to  the  larger  streams.  As  stated  above,  this  gravel  was  probably 
derived  from  the  disintegration  of  the  Grandfield  conglomerate  and 
deposited  at  favorable  places  by  the  streams.  Some  of  these  beds  of 
gravel  seem  to  occupy  poorly  preserved  terraces  a  few  feet  above  the 
present  valleys.  A  thin  bed  of  fine  quartz  gravel,  prevailingly  amber 
colored,  underlies  the  deep  dune  sand  at  the  top  of  the  bluffs  at  a  few 
places  on  the  north  side  of  Red  River  in  Rs.  11  to  15,  inclusive,  but 
a  detailed  study  of  this  bed  was  not  made. 

At  a  number  of  places  scattered  quartz  and  quartzite,  well-rounded 
to  subangular  pebbles,  the  largest  4  inches  in  diameter,  were  seen  on 
the  surface  along  the  broad  divide  between  Red  River  and  Deep  Red 
Run.  The  position  of  some  of  these  pebbles  seems  to  preclude  the 
possibility  that  they  were  derived  from  the  Grandfield  cong^lomerate, 
and  it  seems  probable  that  they  are,  in  part  at  least,  remnants  of  later 
deposits. 

AUuvium, — Deep  Red  Run  and  all  its  larger  tributaries  flow  in 
relatively  broad,  flat,  alluvium-filled  valleys.  This  alluvium  is  a 
fine  to  sandy  red  clay  and  silt,  derived  from  the  exposed  rocks  of  tlie 
interstream  areas.  Red  River,  which,  as  already  stated,  has  a  very 
narrow  flood  plain  and  a  broad  bed,  is  closely  bordered  by  dunes  of 
wind-blown  sand  that  rise  as  much  as  100  feet  above  flood  level. 
Throughout  most  of  the  year  the  bed  of  the  river  is  diy,  thin  threads 


STRUCTURE.  31 

of  water  meandering  from  side  to  side  across  flat  bars  of  sand  and 
mud.  A  typical  view  of  the  bed  of  this  river  is  given  in  Plate  II,  A, 
pages. 

Dune  sand  and  soil. — A  belt  of  country,  1  to  2  miles  wide,  adjacent 
to  Bed  River,  extending  across  this  district,  is  covered  by  hills  of 
drifting  sand,  some  of  which  reach  a  height  of  probably  75  feet  above 
the  general  level.  Permian  beds  lying  inland  from  these  sand  dunes 
are  covered  by  a  thick  bed  of  wind-blown  sand,  which  forms  a  fairly 
even  surface  and  through  which  the  streams  have  trenched  narrow 
ditchlike  valleys.  Farther  back  from  Red  River,  toward  the  top  of 
the  divide  between  that  stream  and  Deep  Red  Run,  the  mantle  of 
wind-blown  material  grows  thinner  and  finer  until  in  places  it  has 
the  general  appearance  of  a  coarse  loess,  and  in  other  places  the  soil 
is  dark  or  black  and  seems  to  contain  a  relatively  small  amount  of 
wind-blown  material. 

STRUCTURE. 

The  structure  of  the  rocks  in  the  Grandfield  district  has  not  been 
determined  in  detail,  and  in  some  parts  of  the  district  it  is  too  obscure 
to  be  mapped  with  any  degree  of  certainty.  This  structure  is  shown 
on  Plate  IV  by  numbers  indicating  the  elevation  above  sea  level  of 
the  Auger  conglomerate  lentil  and  also  by  structure  contours  con- 
necting points  of  equal  elevation  on  this  bed.  These  contours  are 
drawn  on  the  horizon  of  the  *Auger  conglomerate,  but  owing  to  the 
variability  of  the  beds  that  make  up  this  conglomerate  no  definite 
layer  could  be  used  as  a  key  horizon  throughout  the  area,  so  the 
elevations  of  this  lentil  as  shown  on  Plate  IV  may  be  locally  as  much 
as  10  feet  in  error. 

DEVOL  ANTICLINE. 

The  most  important  structural  feature  recognized  in  this  brief  re- 
connaissance of  the  district  is  an  anticline  that  crosses  it  in  a  sinuQus 
line  trending  generally  east-southeast  and  west-northwest.  Along 
the  axis  of  this  anticline  lie  a  number  of  small  elongated  domes  that 
are  separated  by  low  structural  saddles.  The  rocks  over  the  entire 
district  generally  dip  eastward,  and  this  dip  is  shown  in  the  height 
of  the  Devol  anticline.  The  axis  of  this  fold  in  the  Auger  conglom- 
erate dips  from  an  elevation  of  about  1,1G0  feet  at  the  western  side 
of  the  district  to  about  1,040  feet  at  its  eastern  edge,  a  distance  of 
about  24  miles.  Within  the  district  the  highest  portion  of  this  anti- 
cline is  in  its  western  part,  on  one  of  two  local  domes,  one  near  the 
center  and  the  other  in  the  extreme  northwest  corner  of  T.  4  S.,  R.  15 
W.,  and  the  adjacent  portions  of  T.  3  S.,  R.  15  W.,  and  Tps.  3  and 
4  S.,  R.  IG  W.  From  near  the  center  of  T.  4  S.,  R.  15  W.,  the  rocks 
dip  in  all  directions  but  mostly  to  the  north  and  south.     There  is 
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evidence  that  a  secondary  fold  trends  almost  south  from  the  center 
of  this  dome  through  sees.  21  and  22  and  possibly  into  or  through 
sees.  27, 28, 38,  34,  and  35,  and  in  this  general  direction  to  Bed  Biver, 
but  no  direct  evidence  of  this  fold  was  obtained  farther  south  tiian 
sees.  27  and  28.  From  this  dome  another  secondary  tcid  appears 
to  trend  eastward  to  the  vicinity  of  Curtis  Hill  in  sec.  13,  and  from 
this  point  southeastward  its  axis  passes  through  sees.  9,  28,  29,  30,  33, 
and  possibly  sec.  34,  T.  4  S.,  B.  14  W.  The  axis  of  this  fold  is  rather 
definitely  located  as  far  south  as  sec.  29,  T.  4  S.,  B.  14  W.,  and 
there  is  some  evidence  of  its  presence  still  farther  southeast,  but  its 
position  could  not  be  determinea  with  certainty  beyond  the  point 
indicated.  From  this  dome  eastward  along  the  axis  of  the  fold 
the  rocks  pitch  slightly  to  the  northeast  comer  of  T.  4  S.,  B.  15  W. 
They  rise  again  to  the  top  of  a  small  elongated  dome  in  the  vicinity 
of  Grandfield. 

A  similar  dome  occurs  in  sees.  6,  7,  8,  9,  and  16,  T.  4  S.,  B.  18 
W.  This  is  separated  from  the  dome  at  Grandfield  by  a  flat  saddle 
in  the  ncH-them  portion  of  sec.  2,  T.  4  S.,  B.  14  W. 

There  appears  to  be  a  somewhat  smaller  dome  in  sees.  25,  26,  and 
27,  T.  4  S.,  B.  13  W.,  but  owing  to  lack  of  outcrops  south  of  this 
location  the  outline  of  this  dome  could  not  be  determined.  From  the 
center  of  this  dome  eastward  the  rocks  appear  to  pitch  gradually 
along  the  axis  of  the  fold  to  some  point  near  the  center  of  sec.  26, 
T.  4  S.,  B.  12  W.,  from  which  they  rise  slightly  to  a  small  dome  in 
sees.  24  and  25,  T.  4  S.,  B.  12  W.,  and  possibly  in  sec.  30,  T.  4  S.,  E. 
11  W.,  beyond  which  point  the  position  of  the  axis  of  this  fold  could 
not  be  traced. 

DEEP  BED  SYKCLIKE. 

Another  important  structural  feature  of  this  district  is  a  broad, 
flat  syncline  or  structural  trough  which  lies  north  of  and  roughly 
parallel  to  the  Devol  anticline.  The  axis  of  this  fold  pitches  slightly 
toward  the  east,  but  is  somewhat  modified  by  one  or  two  shallow 
basins.  The  exact  position  of  the  axis  of  this  syncline  at  many  places 
could  not  be  determined.  The  available  data  indicate  that  it  passes 
a  short  distance  south  of  Loveland  in  a  northwest-southeast  direction 
that  is  roughly  coincident  with  the  trend  of  the  valley  of  Slough 
Fork  of  Deep  Red  Run.  From  the  map  (PL  IV)  it  will  be  noted 
that  there  appears  to  be  a  small  shallow  basin  in  the  bottom  of 
this  trough  west  and  northwest  of  Loveland,  in  sec.  8,  T.  3  S.,  R.  14 
W.  From  this  basin  the  axis  of  the  trough  seems  to  rise  slightly  to  a 
point  southwest  of  Loveland  and  thence  to  pitch  eastward  at  a  very 
low  angle  to  some  point  near  the  northwest  corner  of  sec.  21,  T.  3  S., 
E.  14  W.,  which  is  the  bottom  of  a  small  basin  along  this  trough. 
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A  similar  larger  and  deeper  basin  along  the  axis  of  this  trough 
is  in  sec.  18,  T.  3  S.,  R.  14  W.,  and  sees.  17  and  18,  T.  3  S.,  R.  18  W. 
From  the  center  of  this  basin  there  seems  to  be  a  slight  rise  in  the 
trough  to  the  southwest  corner  of  sec.  16,  T.  8  S.,  R.  18  W.  From 
this  point  eastward  the  depth  and  position  of  this  trough  is  uncer- 
tain, but  the  available  evidence  suggests  that  it  becomes  deeper  and 
lower  toward  the  east. 

MINOB  ANTICLIKES. 

The  numbers  and  contours  on  Plate  IV  indicate  the  presence  of 
several  minor  folds  in  the  Grandfield  district,  the  most  important 
of  which  is  a  clearly  marked  anticline  that  is  partially  revealed  by 
outcrops  in  the  bluffs  of  Red  River  in  the  southwestern  portion  of 
T.  5  S.,  R.  12  W.  These  outcrops,  in  sees.  30,  31,  and  32,  show  a 
very  marked  dip  to  the  northwest,  amounting  probably  to  as  much 
as  100  feet  within  less  than  1^  miles.  The  accompanying  view 
(PL  V,  Aj  taken  from  the  bed  of  Red  River  opposite  the  bluffs  in 
the  NE.  i  sec.  31,  T.  5  S.,  R.  12  W.,  shows  faintly  the  dip  of  the 
beds  toward  the  west.  To  represent  this  dip  the  contour  lines  on 
Plate  IV  have  been  drawn  in  two  directions.  In  one  set  the  con- 
tours trend  a  little  north  of  west  and  in  the  other  set  they  have  a 
general  northeast-southwest  direction.  There  is  not  enough  geologic 
evidence  available  to  show  which  of  these  two  sets  of  contours  is 
more  nearly  correct. 

Udden  ^  maps  a  very  pronounced  fold,  with  a  northeast-southwest 
trend,  in  the  Petrolia  oil  and  gas  field  in  the  northern  part  of  Clay 
Coimty,  Tex.  His  larger  map,^  which  shows  the  general  dip  of  the 
rooks  of  the  region,  gives  some  evidence  that  this  fold  continues 
toward  the  northwest  and  that  it  may  cross  Red  River  somewhere  in 
the  southern  part  of  T.  5  S.,  R.  12  W.,  in  the  Grandfield  district; 
so  it  seems  barely  possible  that  the  relatively  steep  dip  shown 
by  these  exposures  in  the  southwestern  part  of  this  township 
may  be  on  the  west  limb  of  this  fold.  If  this  is  true,  the  fold  may 
have  a  north-northwest  trend  through  this  township,  the  axis  cross- 
ing the  northwestern  part  ojE  T.  5  S.,  R.  13  W.,  and  joining  the 
Devol  anticline  at  the  small  dome  in  the  southeastern  part  of  T.  4  S., 
R.  13  W.,  but  there  is  no  direct  geologic  evidence  to  substantiate 
this  suggestion.  On  the  other  hand,  it  seems  probable  that  the  Burk- 
burnett  oil  fields,  which  lie  between  4  and  5  miles  west -southwest 
of  these  outcrops,  may  be  on  an  anticline,  and  that,  if  th^s  anticline 
trends  east-northeast  south-southwest,  it  may  be  the  same  as  that 
shown  by  the  outcrops  in  the  southwestern  part  of  T.  5  S.,  R.  12  W. 
If  this  is  true,  the  axis  of  the  Burkburnett  fold  may  continue  north- 

1  Ud(l«  ri,  J.  A.,  and  PlillUps,  D.  McN.,  Univ.  Texas  Bull.  246.  PL  II.  1912. 
« Idem,  PI.  I. 

18013"— Bull.  547—14 3 
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eufcward  and  be  shown  by  the  exposures  in  sees.  9,  10,  15,  and  16, 
and  1  and  2  of  T.  5  S.,  B.  12  W.  The  evidence  for  each  of  these 
two  stractural  conditions  is  about  equaL  It  is  impossible  to  de- 
termine the  structural  conditions  in  T.  5  S.,  B.  12  W.,  except  that 
the  southern  portion  of  Uiis  township,  especially  sees.  28,  29,  82,  and 
88,  are  on  or  near  the  axis  of  a  pronounced  anticline,  the  trend  of 
whidi  is  uncertain. 

The  rocks  north  of  the  Deep  Bed  syndine  appear  to  rise  rather 
uniformly,  but  the  exposures  are  too  poor  and  too  scarce  to  permit  a 
dose  delineation  of  the  structure.  Attention  should  be  called,  bow* 
ever,  to  the  relatively  rapid  rise  in  the  beds  from  this  syndine  north- 
ward in  the  northeastern  part  of  T.  3  S.,  B.  14  W.  The  trend  of  the 
contours  in  this  area  also  suggests  that  a  local  dome  or  anticline  may 
be  situated  a  short  distance  north  of  sec.  2  in  T.  2  S.,  B.  14  W.  There 
is  also  some  evidence  of  a  low  fold  in  porticms  of  sec.  9,  T.  8  S., 
R  18  W. 

LOCAL  SYNCLIKBS. 

South  of  the  Devol  anticline  there  appears  to  be  a  local  syndine, 
the  axis  of  which  crosses  T.  4  S.,  B.  14  W.,  in  a  northwestnaoutheast 
direction  and  seems  to  cross  the  valley  of  Big  Blue  Creek  niew  its 
junction  with  Little  Blue  Creek  and  roughly  to  parallel  the  valley  of 
the  latter  stream  to  the  middle  western  part  of  sec  7,  T.  4  S.,  B.  14  W. 
The  axis  of  this  fold  pitches  to  the  southeast,  but  there  is  little  or  no 
evidence  to  show  its  trend  southeast  of  the  valley  of  Big  Blue  Creek. 

A  small  secondary  syncline  appears  to  parallel  the  valley  of  Auger 
Creek  in  the  southwestern  portion  of  T.  4  S.,  B.  15  W.,  the  pitch  of 
the  fold  being  somewhat  steep  toward  the  south.  A  similar  fold  is 
believed  to  lie  somewhat  west  of  the  valley  of  Curtis  Creek,  in  the 
southeastern  portion  of  T.  4  S.,  B.  15  W.,  but  owing  to  the  poor  ex- 
posures in  both  of  these  areas  the  exact  position  of  these  troughs  can 
not  be  determined. 

North  of  the  Devol  anticline  the  contour  lines  on  Plate  IV  show 
many  small  local  synclines  branching  off  from  the  Deep  Bed  syncline 
and  dying  out  against  the  north  limb  of  the  Devol  anticline,  but  none 
of  these  requires  special  description. 

DETAITiED  STRATIGRAPHY  AND  STRUCTURE  OP  EX- 
POSED ROCKS,  BY  TOWNSHIPS. 

T.  5  S.,  B.  16  W. 

Bed  Biver  cuts  across  the  northern  boundary  of  T.  5  S.,  B.  16  W., 
so  that  only  a  narrow  strip  of  the  northern  tier  of  sections  east  of  sec. 
6  is  on  the  north  side  of  the  river.  This  area  is  covered  entirely  by 
sand  dunes,  but  Permian  rocks  outcrop  in  the  bluff  on  the  south  side 
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(Texas  side)  of  the  river  in  the  southern  part  of  sec.  3.  The  accom- 
panying views  (PI.  V,  5,  C)  and  the  following  section  show  the 
general  appearance  and  character  of  the  best  of  these  outcrops. 

Section  in  bluff  on  south  side  of  Red  River  in.  sec.  S,  T.  5  8.,  R.  16  W. 

Feet. 

1.  CJoncealed  by  dune  sand  at  top,  probably 40 

2.  Sandstone  (not  shown  in  PI.  V,  C)  massive,  reddish,  cap- 

ping bluff  east  of  exposure  shown  in  PI.  V,  C.    Appears 

to  be  resting  on  red  clay,  but  base  is  poorly  exposed 20-25 

3.  Clay,  red  (poorly  exposed  in  PI.  V,  C),  which  appears  to 

contain  n  soft  whitish  sandstone  or  clay-limestone  con- 
glomerate toward  top;  probably 5-15 

4.  Sandstone,  reddish,  thin  bedded,  laminated  with  some 

whitish  layers,  and  containing  several  lentils  of  red- 
dish clay-limestone  conglomerate  which  ranges  in  thick- 
ness from  1  foot  to  as  much  as  10  feet,  within  length  of 
exposure.  This  sandstone  seems  to  lie  unconformably 
on  the  red  clay  below  and  to  be  very  irregularly  bed- 
ded throughout 10-25 

5.  Sandstone,  whitish,  clayey,  lumpy,  embedded  in  red  clay 

(not  shown  in  PI.  V,  C) ;  greatest  thickness  probably.  4 

6.  Clay,  bright  red,  at  base  above  water  level;  greatest 

thickness 10 


75-119 


East  of  the  above  section  a  grayish  clay-limestone  conglomerate 
bed  outcrops  along  the  river  bluffs  beneath  dune  sand.  Below  this 
conglomerate  a  white  massive  sandstone  4  feet  thick  is  poorly  ex- 
posed a  few  feet  above  the  river.  Higher  bluffs  farther  back  from 
the  river  contain  other  outcrops  of  thin  beds  of  gray  and  reddish 
sandstone  and  reddish  clay-limestone  conglomerate,  which  appear  to 
rise  toward  the  east.  This  rise  is  also  suggested  by  the  exposure 
shown  in  Plate  V,  B,  These  clay-limestone  conglomerate  beds  re- 
semble closely  those  of  the  Auger  conglomerate  lentil,  though  the 
associated  sandstone  beds  are  not  typical.  If  this  is  the  Auger  con- 
glomerate, it  is  one  of  the  most  westerly  exposures  observed.  It 
probably  ranges  in  elevation  between  1,040  and  1,070  feet  above  sea 
level  at  this  locality. 

T.  4  S.,  E.  16  W. 

Red  River  crosses  the  southwest  corner  of  T.  4  S.,  R.  16  W.,  and 
Settler  Creek,  flowing  from  north  to  south  through  the  central  part 
of  the  township,  drains  most  of  it.  The  south  half  of  the  township 
is  covered  largely  by  dune  sand  and  a  deep  sandy  soil,  which  is 
mostly,  if  not  all,  wind  blown.  Permian  rocks  come  to  the  surface 
at  few  places.    One  of  these  outcrops  is  in  a  small  break  on  the  east 
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bank  of  Settler  Creek,  almust  in  the  center  of  the  NW.  i  sec.  '27, 
where  the  following  section  ia  exposed : 

Beclion  in  NW.  1  gee.  ^7,  T.  i  S.,  R.  16  W. 

1.  Top  cijDcealed  by  dune  Baud. 

S.  Gravel  at  top  ot  break,   largely   quartz,    unlndnruted ;       fmi. 
looks  ilke  Btretim  {tnivel  ot  Ket-ent  age ]-;i 

3.  SoiiJBlone.  reddisli,  ninBslve,  Irrefiularly  bedded  ut  base 
changing  to  tliia  bedded  and  tlayey  at  top :i 

4.  Siiudstone,  gray,  with  black  Hpecks;  soft,  with  typical 

appearance  of  "speckled"  bed  of  the  Auger  conglom- 
erate leutil.  about 1 

G.  Sandstone,  soft,  hluieh  wbUe.  clayey,  looks  Uke  basnl 

bed  of  Auger  couglomenite J-l 

8.  Clay,  bright  red S 

17.  SnndBtone,  red.  soft,  clayey,  badly  weathered  to  bed  of 
creek ^^ 4 

lTf-2Ci 
Bed  4  of  the  above  section  seems  to  be  at  the  horizon  of  the  clay- 
limestone  conglomerate  of  the  Anger  lentil,  which  is  locally  absent. 
If  this  correlation  ia  correct,  there  seems  to  be  not  more  tlian  lH  feet 
dip  in  the  beds  from  this  place  to  the  outcrops  described  above  in 
south  bluff  of  Red  Kiver  3  miles  fsirther  south,  No  other  exposures 
of  recogniziible  Pei-mian  Iieils  were  seen  on  Settler  Creek  in  this 
township.  All  extensive  bivak  orcnrs  in  red  chiy  on  llie  east  side  of 
the  valley  along  a  part  of  the  west  edge  of  sec.  10,  and  some  small 
exposure^  of  red  clay  were  seen  in  the  SW.  J  sec.  3  and  the  SE.  J 
sec.  4. 

The  dump  from  a  shallow  water  well  in  the  southwest  corner  of  the 
SW.  i  sec.  2  contained  some  bowlders  of  red  sandstone  in  red  clay 
which  could  not  be  correlated  with  any  other  Permian  exposures. 
Near  the  head  of  a  small  tributary  to  Red  River,  in  the  SE.  J  of 
gee  23,  a  bed  pf  quartz  and  quartzite  pebbles  is  exposed  on  the  east 
side  of  the  run,  and  below  this  bed  is  a  poor  outcrop  of  reddish  clay- 
limestone  conglomerate  which  may  belong  to  the  Auger  conglomerate 
lentil.  No  elevation  of  this  outcrop  was  obtained.  At  the  southeast 
comer  of  sec.  23  a  bed  of  quartz  and  quartzite  gravel  outcrops  be- 
neath dune  sand  and  at  places  this  bed  is  cemented  by  lime  into  a 
thin  bed  of  reddish  quartz  conglomerate  that  resembles  the  Grand- 
field  conglomerate. 

The  low  divide  between  Settler  Creek  and  Auger  Creek  traverses 
the  W.  i  sec.  13  and  the  E.  ^  sec.  14  from  northeast  to  _HOUthweet. 
Two  or  three  low  domes  on  this  divide  are  capped  by  a  bed  of  quartz 
and  quartzite  pebbles,  which  may  have  come  from  the  disintegration 
of  the  Grandfield  conglomerate  in  place. 


8TRATIGBAPHT  AND  STBUCTURE,  BY  TOWNSHIPB.  87 

No  examination  was  made  of  a  large  part  of  the  area  in  this  town- 
ship west  of  Settler  Creek  because  it  appeared  to  be  destitute  of  good 
exposures  of  recognizable  Permian  beds. 

T.  3  S.,  B.  16  W. 

Only  the  southeastern  part  of  T.  8  S.,  R.  16  W.,  was  examined  and 
this  in  tlie  briefest  manher.  The  lack  of  good  exposures  over  the  area 
covered  showed  the  uselessness  of  attempting  to  map  with  accuracy 
the  structure  of  the  Permian  rocks  in  it.  The  writer  did  not  go  north 
or  west  of  lines  running  through  the  middle  of  sec.  16. 

Red  clay,  seemingly  of  Permian  age,  is  revealed  by  low  "  breaks  " 
along  tributaries  to  Deep  Red  Run  in  parts  of  sees.  13, 14, 15,  16,  21, 
22,  27,  and  28.  At  a  few  places  at  the  top  of  these  breaks  is  a  thin 
bed  of  clayey  sandstone,  generally  reddish  in  color,  but  showing  many 
round  gray  spots,  ranging  from  tiny  specks  to  patches  probably  2 
inches  in  diameter.  A  precisely  similar  sandstone,  which  lies  a  few 
feet  above  the  Auger  conglomerate,  was  noted  at  many  places  farther 
east.  For  convenience  of  description  this  bed  is  referred  to  as  the 
"  spotted  sandstone  layer."  The  gray  patches  are  thinnest  across  the 
bedding  planes  and  many  of  them  are  very  thin  in  comparison  with 
their  diameter.  At  a  few  places  in  these  breaks  a  layer  of  soft  gray- 
ish limy  clay,  from  G  inches  to  a  foot  or  more  in  thickness,  is  exposed 
in  bright-red  clay  a  few  feet  below  the  "spotted  sandstone  layer." 
A  few  feet  above  this  sandstone  is  a  bed  of  quartz  and  quartzite  peb- 
bles, most  of  which  are  well  rounded.  This  bed  is  poorly  exposed  and 
apparently  unindurated,  but  there  were  in  places  small  bowlders  of 
reddish  limy  matrix,  including  a  few  quartz  pebbles,  looking  very 
much  like  the  Grandfield  conglomerate,  and  it  seems  probable  that 
this  conglomerate  lies  a  few  feet  below  the  surface  over  most  of  the 
southeast  quarter  of  the  township,  as  similar  material  is  frequently 
seen  at  the  mouths  of  the  burrows  of  prairie  dogs.  A  spotted  layer 
of  sandstone,  very  similar  in  appearance  to  that  described  above,  was 
thrown  out  of  a  5-foot  hole  duo:  for  water  near  the  middle  of  the  east 
line  of  the  NE.  4  sec.  20.  If  this  is  the  same  laver  as  that  seen  in 
the  south  bank  of  a  small  run  at  the  southern  border  of  the  SW.  J 
sec.  14  there  is  a  slight  northward  dip  between  these  exposures. 

T.  3  S.,  B.  15  W. 

T.  3  S.,  R.  15  W.,  is  drained  by  Deep  Red  Rim  and  its  tributaries. 
The  Wichita  Falls  &  Northwestern  Railway  crosses  it  from  north- 
east to  southwest.  The  town  of  Loveland  is  situated  near  its  center, 
in  sees.  9  and  16.  In  the  part  of  the  township  that  lies  northeast  of 
Slough  Fork  of  Deep  Red  Bun  the  andM^Ji  Yggy  flaty  and  the 
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larger  streams  have  wide  alluvium-covered  valleys  and  low  bluffs. 
The  soil  is  generally  a  fine  stiff  clay,  dark  brown  to  red.  In  this 
part  of  the  township  not  more  than  6  good  exposures  of  sandstone 
and  clay-limest(me  conglomerate  were  seen.  One  of  these  is  a  rather 
thick  reddish  bed  of  clay-limestone  conglomerate  and  some  light  to 
reddish  sandstone,  encountered  from  16  to  18  feet  below  the  surface 
in  a  dug  well  on  the  south  edge  of  the  SE.  i  sec.  5.  This  bed  closely 
resembles,  and  probably  belongs  to,  the  Auger  conglomerate.  It 
stands  about  1,062  feet  above  sea  level.  This  conglomerate  is  thought 
to  be  at  the  same  horizon  as  one  that  outcrops  on  the  road  south  of 
Loveland,  near  the  southeast  comer  of  the  town.  The  outcrop  at 
that  place  stands  about  1,066  feet  above  sea  level. 

On  the  south  side  of  the  valley  of  Middle  Fork  of  Deep  Bed  Bun 
and  on  the  east  side  of  the  NE.  ^  sec  14  a  typical  outcrop  of  the 
^  speckled  sandstone  layer  "  of  the  Auger  conglomerate  shows  along 
the  road  and  in  the  bluffs  toward  the  west  Here  the  lower  layer  of 
the  clay-limestone  conglomerate  of  the  Auger  lentil  is  absent  in 
places  and  is  replaced  by  white  clayey  sandstone.  This  is  unques- 
tionably at  the  Auger  horizon.  Its  elevation  ranges  from  about 
1,058  to  1,062  feet  above  sea  level,  the  rise  being  a  local  one,  toward 
the  east  Near  the  center  of  the  SE.  ^  sec.  13,  at  a  small  pond,  is  a 
rather  poor  outcrop  of  the  ^^  speckled  sandstone  layer ''  of  the  Auger 
lentil  having  a  few  feet  above  it  a  quartz-gravel-limestone  conglome- 
rate, probably  the.  Grandfield.  Other  sandstones,  exposed  a  short 
distance  north  of  this  outcrop  in  the  southern  part  of  the  NE.  J 
sec.  13,  help  to  identify  definitely  the  "  speckled  sandstone  layer " 
as  the  Auger  lentil.  It  has  an  elevation  here  of  about  1,036  feet 
The  outcrops  along  this  line  continue  eastward  through  T.  3  S., 
R.  14  W.,  and  are  discussed  under  that  township.  On  the  south 
bank  of  the  creek,  near  the  eastern  border  of  the  SW.  i  sec.  3,  is  a 
bed  of  coarse  to  fine  partly  indurated  quartz  gravel,  which  in  places 
is  as  much  as  10  feet  thick.  This  gravel  seems  to  be  younger  than 
the  Grandfield  and  is  probably  a  local  stream  deposit,  the  quartz 
and  quartzite  pebbles  of  which  come  from  the  disintegration  of  the 
Grandfield  at  near-by  places.  Similar  gravel  beds  were  noted  along 
the  sides  of  the  valley  of  this  stream  in  sees.  2,  3,  and  4.  A  low, 
round  hill  capped  by  a  quartz  conglomerate  closely  resembling  the 
Grandfield  stands  near  the  middle  of  the  SW.  i  sec.  1. 

A  deep  well  was  completed  in  1912  just  north  of  Loveland,  near  the 
center  of  the  NE.  J  sec.  9.  This  well  did  not  produce  oil  or  gas  in 
paying  quantities  and  is  said  to  have  been  abandoned.  A  partial 
section  of  this  well  is  given  in  Plate  III  (in  pocket). 

South  of  Slough  Fork  of  Deep  Ked  Run  and  adjacent  to  the  valley 
of  that  stream  is  a  broad  belt  of  badland  country,  in  which  occur 
a  great  many  "breaks"  or  washes,  doveloj^ed  in  fine  red  clay  of 
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Permian  age.  The  character  of  the  rocks  exposed  in  these  breaks 
and  the  distribution  of  the  exposures  renders  the  determination  of 
the  structure  very  difficult  The  Auger  conglomerate  is  typically 
exposed  on  the  township  line  south  of  the  northeast  comer  of  sec.  26 
and  at  another  place  in  the  SW.  i  SE.  i  sec  17.  At  these  places 
the  "speckled  sandstone  layer"  and  other  associated  beds  of  the 
Auger  conglomerate  are  present.  This  conglomerate  is  in  two  well- 
marked  divisions.  The  lower  layer  is  below,  or  interstratified  with, 
the  "speckled  sandstone  bed."  The  upper  conglomerate  layer  is 
associated  with  thin  beds  of  reddish  impure  sandstone  and  red  clay 
and  at  places  seems  to  be  as  much  as  12  to  probably  18  feet  above 
the  lower  one.  Each  layer  and  its  associated  beds  have  local  char- 
acteristics which  render  identification  possible  where  good  exposures 
occur,  but  it  is  impossible  to  trace  the  beds  by  continuous  outcrop. 
A  collection  of  fossil  bones  was  obtained  from  the  red  clay  immedi- 
ately overlying  what  appears  to  be  the  upper  layer  of  the  Auger 
conglomerate  where  it  is  exposed  in  a  large  break  in  the  east-central 
part  of  the  NW.  i  NW.  i  sec.  28.  These  were  identified  by  Mr.  C.  W. 
Gilmore,  of  the  National  Museum,  as  belonging  to  the  Permian  reptile 
Dimetrodon,  but  "  the  bones  are  too  fragmentary  to  permit  the  de- 
termination of  the  species." 

Over  much  of  this  part  of  the  township  the  sandstones  accom- 
panying the  lower  conglomerate  of  the  Auger  lentil  are  not  present, 
their  horizons  being  occupied  by  red  sandy  clay  with  limestone 
nodules.  The  sandstones  of  the  lower  part  of  the  Auger  lentil  are 
absent  from  the  Permian  outcrops  along  the  creek  in  the  northern 
halves  of  sees.  17  and  18,  but  here  the  upper  part  of  the  Auger 
lentil,  consisting  of  clay-limestone  conglomerate  in  red  clay,  is  ex- 
posed in  the  breaks  with  a  bed  of  thin  reddish  platy  limy  sand- 
stone having  the  characteristic  choppy  ripple  marks  and  round 
grayish  spots  of  the  sandstone  in  T.  3  S.,  R.  16  W.,  already  described 
as  the  "  spotted  sandstone  layer."  The  following  section  exposed  in 
a  great  break  in  sec.  31  is  typical  of  the  Permian  outcrops  in  this 
vicinitv. 

Section  of  rocks  exposed  in  break  in  the  XK.  }  SE.  \  sec.  31,  T.  3  8.,  R,  15  W. 

Feet. 
Tertiary   or  Quaternary    (Grandfleld  conglomerate)  : 

1.  Quartz  and  qunrtzite  i)ebble8,  the  largest  4  inches 

In    diameter,    conglomerate    badly    disintegrated, 
with  bed  of  residual  pebbles  in  soil  at  top  of  hill.      2-3 
Permian   (Wichita  formation)  : 

2.  Concealed  on  hill  slope  above  break,  probably 8 

3.  Sandstone,  reddish,  rather  thin,  platy  (plates  4  feet 

square,  less  than  one-half  Inch  thick),  caps  top  of 
break,  very  similar  to  sandstone  accompanying 
clay  limestone  in  sees.  17  and  18 
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Permian  (Wichita  formation) — Continued.  Feet. 

4.  Conglomerate,  i^luy-llmeistone.  sod.  wUitlsb,  vari- 
able ;  this  Is  proliablf  upper  bed  at  At:ger  con- 
glomerate lentil,  greatest  tbicknass 2 

5.  Clay,  dork,  dull  red 3 

6.  Sandstone  and  vluy,  red ;  tliin-t>edded  sandstone 
Iiiterl>edded  with  red  day 0 

7.  Saodatone.  wblllub,  false  bedded,  soft,  iampy.  very 
Irregulnr  In  occurrence,  greatest  tbiekness 2 

8.  Clay,  brl^lit  red,  with  many  rouudlsh  graylali  lime- 
stone nodules :  typlcid  under  clay  of  the  Auger 
conglomerate   lentil ]0 

fl.  Clay,    n-hlUsb.    limy,    almost    clay-llme-sione,    con-  . 

glomerate  In  places 1 

10.  Clay,    l>rlght    red,    with    typical    roundlBli,     rough-  | 

surfaced    burnt    red    Itmestotie-clBy    concretions,  ' 

down  to  base  of  breaks 5               | 

The  above  section  is  by  no  means  typical  of  the  Auger  con- 
glomerate farther  east,  in  the  vicinity  of  Grandfield,  but  there  seems 
to  be  enough  stratigraphic  evidence  to  justify  the  conclusion  that 
the  sandstone  beds  thin  greatly  toward  the  west  across  the  district 
and  that  this  section  accords  with  this  general  decrease  in  thickness 
of  these  beds. 

Spirit-level  lines  were  run  to  many  expt^ures  of  the  clay-limestone 
conglomerate  beds  in  the  southwestern  part  of  this  township,  but  at 
many  places  (he  outcrops  n-ere  so  poor  that  the  upper  and  lower 
layers  of  (1k>  Aii<.rri-  ■■nriL'lixncnilf  could  not  be  distintniished.  For  this 
reeBon  the  local  dip  of  these  beds  at  places  is  somewhat  in  doubt,  but 
as  a  whole  they  gradually  rise  toward  the  south  and  west  across  the 
township.    (See  PI.  IV,  in  pocket.) 

From  the  exposures  in  the  SW.  J  SE.  J  sec.  17  to  those  near  the 
center  of  the  south  line  of  the  township  in  sec.  34  the  beds  appear  to 
rifle  between  35  and  40  feet.  From  the  northeast  corner  of  sec.  25  to 
the  southwest  comer  of  sec.  34,  a  distance  of  3^  miles,  they  seem  to  rise 
about  50  feet  From  the  NW.  i  NE.  i  sec.  17  to  the  NE.  i  SE.  i 
sec.  31,  a  distance  of  3}  miles,  they  rise  about  70  feet,  which  seems  to 
be  about  the  maximmn  for  this  township.  In  the  northwest  quarter 
of  the  township  they  are  too  poorly  exposed  to  furnish  much  data  of 
value,  but  they  appear  to  be  practically  horizontal. 

The  important  geologic  facts  derived  from  a  study  of  this  town- 
ship are  (1)  that  the  rocks  dip  at  a  very  low  angle  from  the  southern 
and  western  sides  toward  the  north  and  east  as  far  north  as  Slough 
Fork  of  Deep  Ked  Run,  and  that  north  of  that  creek  the  dip  of  the 
beds  can  not  be  determined  with  accuracy  but  appears  to  be  slightly 
toward  the  east  and  south;  (2)  that  fossil  bones  of  a  Permian  reptile 
appear  in  place  above  what  appears  to  be  the  upper  bod  of  the  Auger 
conglomerate;  and  (3)  that  the  Grandfield  conglomerate  of  Tertiary 
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or  Pleistocene  age  caps  the  tops  of  the  hills  along  the  southern  border 
of  the  township  just  above  the  Auger  conglomerate  and  also  bears 
flie  same  relative  position  to  the  Auger  lentil  in  exposures  at  a  much 
lower  level  along  the  creek  in  the  north-central  part  of  sec.  17  and  at 
other  places  in  sees.  13  and  14.  This  fact  is  especially  important  be- 
cause the  Auger  lentil  and  Grandfield  conglomerate  are  separated  by 
an  unconformity  representing  a  hiatus  of  at  least  hundreds  of  feet 
of  strata,  yet  the  two  beds  show  practically  the  same  structure,  not 
only  in  this  township,  but  to  a  large  degree  throughout  the  district. 

ir.  4  8.,  B.  15  w. 

The  broad,  flat  divide  between  Deep  Red  Run  and  Red  River  runs 
frcMn  east  to  west,  north  of  the  middle  of  T.  4  S.,  R.  15  W.  The 
"  breaks  "  in  T.  3,  just  described,  extend  southward  into  parts  of  sees. 
8,  4,  6,  and  6,  T.  4.  The  tributaries  of  Red  River  are  Auger  Creek 
on  the  west  and  Curtis  Creek  and  Little  Blue  Creek  on  the  east. 
Pliictically  all  exposures  of  Permian  rocks  are  on  or  near  these 
streams  and  in  the  "  breaks  "  near  the  northern  edge  of  the  township. 
The  southern  portion  of  the  interstream  area  is  covered  by  a  deep 
brown  or  reddish  loose  sandy  soil,  composed  largely  of  wind-blown 
sand.  Along  the  divide  in  the  northern  part  of  the  township  the  soil 
is  rather  dark  and  close,  though  it  contains  some  sand,  but  it  presents 
a  marked  contrast  to  that  of  the  "  breaks,"  which  is  deep  red  in  color 
and  has  a  heavy  clayey  texture. 

In  the  northern  part  of  this  township  there  is  an  exposure  of  the 
"  speckled  sandstone  layer  "  of  the  Auger  conglomerate  near  the  road 
at  about  the  middle  point  of  the  south  line  of  the  SE.  J  sec.  4. 
At  this  outcrop  the  lower  conglomerate  of  the  Auger  lentil  is  not 
exposed  and  may  be  absent.  The  upper  layer  of  conglomerate  is  soft, 
thin,  and  red  to  grayish,  and  is  embedded  in  red  clay  a  few  feet  above 
the  "  speckled  sandstone  layer."  At  a  number  of  places  in  this  sec- 
tion the  bluish-white  soft  cross-bedded  sandstone  of  the  Auger  lentil 
is  characteristically  exposed,  some  cross  beds  having  slopes  of  10°  to 
20°  that  closely  resemble  true  dips.  The  upper  conglomerate  layer 
outcrops  at  many  places  in  the  "  breaks  "  in  the  W.  ^  sec.  3  and  E.  i 
sec.  4.  Tlie  "  speckled  sandstone  layer "  and  associated  beds  also 
outcrop  in  the  creek  bluff  at  the  west  side  of  the  SW.  ^  sec.  4.  Be- 
tween these  exposures  the  "  speckled  sandstone  layer  "  dips  toward 
the  northwest  12  to  20  feet,  but  this  may  be  largely  if  not  wholly 
due  to  the  general  northerly  dip  in  this  vicinity  rather  than  to  a  local 
syncline  passing  through  or  west  of  the  SW.  J  sec.  4.  West  of  this 
quarter  section  the  rocks  seem  to  rise  again  to  a  point  1  mile  due  west 
of  this  exposure  in  the  east  part  of  SE.  i  sec.  C,  where  a  large  "  break  " 
occurs  near  the  top  of  the  hill.    The  Grandfield  conglomerate,  badly 
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weathered,  caps  the  top  of  this  hill.  Three  or  four  feet  below  it  in 
the  ^' break"  is  a  soft  reddish  or  grayish  day-limestone  conglom- 
erate which  looks  like  the  upper  bed  of  the  Auger  lentil,  but  whidi 
may  be  a  bed  still  higher  in  the  geologic  column. 

The  valley  of  Little  Blue  Creek  in  this  township  is  very  shallow, 
the  creek  being  in  fact  no  more  than  a  shallow  drain,  the  bottom 
of  which  is  sodded  in  places.  A  bed  of  sandstone,  grayish,  false 
bedded  and  speckled,  is  exposed  at  two  or  more  places  in  sec.  12  at 
heights  less  than  6  feet  above  the  bottom  of  the  streanL  This  bed 
is  probably  the  ''speckled  sandstone  layer"  of  the  Auger  conglome- 
rate, but  the  identification  is  by  no  means  positive.  The  Grandfield 
conglomerate  or  a  younger  gravel  lies  close  above  this  sandstone 
wherever  it  is  exposed  on  Little  Blue  Creek.  These  outcrops  suggest 
a  slight  rise  in  the  rocks  upstream. 

On  Auger  Creek  near  the  center  of  sec.  18  there  is  exposed  a  mas- 
sive layer  of  clay-limestone  conglomerate,  overlain  by  a  grayish  day 
6  or  8  feet  thick,  which  contains  small  white  limy,  irregular  concre- 
tions, and  above  that  lies  a  bed  of  loose  quartz  and  quartzite  gravd. 
Bdow  the  clay-limestone  conglomerate  is  a  bed  of  bright-red  day 
containing  roundish  gray  limestone  concretions,  which  looks  very 
like  the  clay  below  the  Auger  conglomerate,  but  no  sandstone  beds 
were  found.  This  conglomerate  is  probably  the  lower  layer  of  the 
Auger  lentil.  This  correlation  seems  to  be  strengthened  somewhat 
by  the  abrupt  increase  in  thickness  of  the  sandstones  of  the  Auger 
lentil  from  northwest  to  southeast  in  this  vicinity.  In  the  NW.  i 
NW.  I  sec.  20  the  "  speckled  sandstone  la.yer."  of  the  Auger  lentil, 
interbedded  with  clay-limestone  conglomerate,  is  3  feet  thick  in  the 
bank  of  the  creek,  but  pinches  out  entirely  within  200*  yards  toward 
the  northwest.  This  thinning  suggests  a  local  unconformity  between 
this  sandstone  and  a  bright-red  clay  containing  gray  limestone  con- 
cretions lying  below  it.  About  five-eighths  of  a  mile  a  little  south  of 
east  from  the  above  exposure  the  Auger  lentil  shows  the  following 
section : 

Partial  section  of  Auger  conglomerate  lentil  on  west  side  of  run  in  southeast 

corner  of  NW.  i  NE.  }  sec.  20.  T.  .{  -S.,  R.  15  W, 

Quaternary  and  Tertiary  ( ?)  :  Feet. 

1.  Sou 5 

Permian  (Wichita  formation,  Auger  conglomerate  lentil)  : 

2.  Pebbles  (loose),  quartz,  and  quartzite 1-2 

3.  Clay,  reddish  to  gray,  with  white  limy  concretions 2 

4.  Sandstone,  white,  choppy,  wave  marked,  false  bedded. 

and  thin.  Irregular  clay-limestone  conglomerate  len- 
tils       3 

5.  Clay,  red  and  whitish,  with  some  thin-bedded  red  clayey 

sandstone 1-2 
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Feet. 

Pemdan  (Wichita  formation,  Auger  conglomerate  lentil) — Con. 

6u  Clay-limestone  conglomerate  lentil,  reddish  to  gray i-l 

7.  Sandstone,  thin  bedded,   reddish,   platy,   shaly,  false 

bedded 2 

a  Clay,  bright  red i-1 

9.  Sandstone,  soft,  white  to  reddish,  massive,  in  irregular 
beds 4-6 

10.  Concealed,  probably   red  clay  or  clay-limestone  con- 

glomerate  1-2 

11.  Sandstone,  soft,  red,  massive,  to  bed  of  creek 1-2 

28 

Excellent  outcrops  of  the  sandstones  associated  with  the  clay-lime- 
stone conglomerate  of  the  Auger  lentil  occur  in  the  S.  i  sec  20  and 
the  N.  i  sec.  29.  These  sandstones  as  well  as  the  conglomerate  vary 
greatly  in  character  and  thickness  from  place  to  place'  in  this  area. 
The  time  available  for  field  work  was  too  short  to  permit  a  detailed 
study  of  the  Permian  beds  in  the  "  breaks."  The  Auger  conglomer- 
ate was  easily  recognized  wherever  its  horizon  was  noted,  but  at 
places  its  character  is  very  different  from  that  shown  in  its  outcrop 
at  the  type  locality  in  the  NW.  i  sec.  6,  described  on  page  23. 

On  the  west  bluff  of  Auger  Creek,  in  the  central  part  of  the  NW.  i 
sec.  29,  a  rather  hard  conglomerate,  consisting  largely  of  waterworn 
quartz  and  quartzite  pebbles  embedded  in  a  brownish-red  limy  clay 
matrix,  is  exposed  at  a  number  of  places.  This  bed  looks  very  much 
like  the  Grandfield  conglomerate  but  may  be  younger. 

The  general  dip  of  the  Auger  conglomerate  along  Auger  Creek  is 
downstream,  and  seems  to  be  about  30  feet  from  the  middle  of  sec.  18 
to  the  middle  of  sec.  31,  a  distance  of  3  miles.  The  general  strike  of 
the  beds  seems  to  range  from  almost  east- west  to  northwest-southeast. 
From  the  head  of  the  "  break  "  in  the  NE.  i  N  W.  i  sec.  32  the  eleva- 
tion of  the  uppermost  hard  sandstone,  compared  with  that  of  the 
first  hard  beds  found  in  shallow  water  wells  drilled  near  by,  toward 
the  northeast  and  southeast,  suggests  that  there  is  a  local  dip^  of  con- 
siderable angle  in  that  direction.  There  are  also  indications  of  a 
syncline  crossing  Auger  Creek  near  the  middle  line  of  sec  29,  which 
further  strengthens  the  suggestion  of  a  local  syncline  trending  either 
almost  north-south,  as  shown  by  contours  on  Plate  IV,  or  else  north- 
west-southeast across  sees.  29,  32,  and  33. 

Between  the  exposures  on  Auger  Creek  and  the  headwaters  of 
Curtis  Creek,  in  sees.  22  and  23,  a  single  thick  layer  of  clay-limestone 
conglomerate,  very  hard  and  compact,  outcrops  through  the  sandy 
soil  in  the  road  near  the  middle  of  the  east  line  of  the  NE.  J  sec.  21. 
This  conglomerate  has  no  quartz  or  quartzite  pebbles  and  has  the 
appearance  and  texture  of  the  Permian  clay-limestone  conglomerates 
of  this  district.  It  may  be  either  the  upper  or  the  lower  bed  of  the 
Auger  conglomerate  or  it  may  be  a  conglomerate  coming  higher  in 
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the  Wk'hita  formatioD.     If  it  belongs  to  the  Auger  lentil,  which 
seems  most  probable,  there  is  a  dip  of  about  40  feet  from  this  oatcrop 
both  to  the  east  and  to  the  west  within  1  mile.    If  it  is  a  hi^er  clay- 
Kmestone  conglomerate,  this  dip  is  probably  much  les:^  or  none  at  alB-  \ 
as  the  exposures  of  the  Auger  on  Auger  Creek  are  at  practically  tl*.^ 
nme  elevation  as  those  on  Curtis  Creek. 

Near  the  middle  of  the  west  side  of  the  XW.  i  SW.  J  see.  23  a  fin-— 
exposure  of  clay-limestone   conglomerate   from   2   to  5   feet   thic^H 
occurs  in  the  bank  and  bed  of  a  small  tributary  to  Curtis  Creelc^^ 
The  upper  layers  of  this  bed  are  reddish,  hard,  and  compact,  th^» 
day  balls  being  small.     The  bottom  layer  contains  in  places  man^fl 
diert  and   limestone  nodules  as  well   as  clay  pebbles.     This  con^ — ■ 
^omerate  is  verj'  irregularly  bedded  and  very  variable  in  thickness — 
It  is  exposed  again  on  Curtis  Creek  about  one-fourth  mile  farther^ 
southeast,  in  the  SW.  J  sec.  23,  and  appears  again  at  the  same  ele-  — 
vation  on  the  east  side  of  tlie  SE.  i  sec.  23.    In  the  S.  J  sec.  21,  on 
a  tributary  of  Curtis  Creek,  tlie  "  speckled  sandstone  layer "  and 
other  associated  sandstone  beds  are  exposed  with  tlie  conglomerate 
beds  of  tlie  Auger  lentil.    On  the  road  just  south  of  the  northeast 
comer  of  sec.  25  a  quartz  conglomerate  that  resembles  closely  the 
Grandfield  conglomerate  was  found  just  above  the  horizon  of  the 
Auger.    The  Grandfield  conglomerate  here  has  an  altitude  of  about 
1,095  feet  above  s<'u  level.     In  the  lop  of  Curtis  Ilil],  a  conspicuous 
round  hill  ncnr  tlip  ceiiler  of  the  north  half  ..f  ■^cc.  ]^.  less  th.in  2 
miles  farther  north,  it  has  an  elevation  of  approximately  1,174  feet 
above  sea  level,  showing  a  rise  of  over  40  feet  to  the  mile.    This  bed 
al£o  outcrops  in  a  small  hill  in  the  center  of  sec.  23,  where  it  has  an 
altitude  of  probably  1,120  feet.    The  general  rise  of  the  Auger  lentil 
northwest  and  north  along  Curtis  Creek  and  its  tributaries  seems  to 
be  somewhat  less  than  that  of  the  Grandfield,    From  the  southeast 
comer  of  the  NW.  i  sec.  24  these  beds  rise  about  15  feet,  and  in  the 
same  direction  across  sec.  23  the  rise  is  probably  not  more  than  12 
feet     The  slope  of  the  surface  suggests  that  the  Auger  lentil  is 
farther  below  the  Grandfield  conglomerate  in  Curtis  Hill  than  it  is 
at  the  northeast  comer  of  sec.  25. 

The  important  facts  brought  out  by  the  above  discussion  of  the 
exposed  beds  of  this  township  are  (1)  that  the  clay-liraestone  con- 
glomerate exposed  on  the  road  near  the  middle  of  the  west  line  of  the 
NW.  i  sec.  22  possibly  belongs  a  few  feet  above  the  upper  layer  of 
the  Auger  conglomerate,  but  that  there  is  no  direct  evidence  to  show 
that  it  is  not  the  upper  layer  of  the  Auger;  (2)  that  levels  on  the 
various  beds  associated  with  the  Auger  show  a  rise  in  them  to  the 
south  and  west  in  sees.  3.  4,  5,  and  6,  and  a  corresponding  but  slighter 
rise  in  them  from  south  to  north  in  exposures  along  Auger  and 
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Curtis  creeks;  (3)  that  the  Grandfield  conglomerate,  of  Tertiary  or 
Quaternary  age,  notwithstanding  the  fact  that  it  lies  unconformably 
upon  the  Wichita  formation,  of  which  the  Auger  lentil  is  a  part, 
seems  to  conform  rather  closely  to  the  structure  of  the  latter;  (4) 
that  structurally  the  highest  territory  in  the  township  is  probably 
somewhere  in  sees.  6,  7,  8,  or  9,  and  that  there  is  some  evidence  of  an 
anticline  or  structure  high  in  parts  of  sees.  21  or  22,  but  that  the  trend 
of  this  anticline,  if  it  exists  at  all,  can  not  be  determined  because  of 
lack  of  exposures  in  the  territory  farther  south. 

T.  5  S.,  B.  16  W. 

Bed  River  enters  T.  5  S.,  R.  15  W.  near  its  northwest  corner  and 
flows  south  of  east  through  sees.  6, 5, 9, 10, 14, 13,  and  12.  The  territory 
south  of  the  river  was  not  examined.  Permian  beds  are  exposed  in 
this  area  at  a  few  places  along  the  river  bluff  in  sees.  5,  6,  and  9.  The 
Auger  conglomerate  outcrops  near  the  base  of  the  river  hill  at  a  point 
in  the  SW.  J  SE.  J  sec.  5,  where  it  is  at  an  elevation  of  about  1,041 
feet.  This  shows  a  dip  of  about  36  feet  toward  the  southeast  in  less 
than  2  miles  from  the  exposure  near  the  center  of  sec  31,  T.  4  S.,  R. 
16  W.  Sandstones  of  the  Auger  lentil  outcrop  at  many  places  along 
the  base  of  the  bluffs  from  this  point  for  almost  a  mile  toward  the 
northwest  in  sees.  5  and  6,  but  the  exposures  are  poor.  In  sees.  9  and 
10  there  are  a  few  scanty  outcrops  of  red  clay,  a  reddish  thin-bedded 
impure  sandstone,  and  a  thin  bed  of  x;lay-limestone  conglomerate, 
which  could  not  be  correlated.  The  general  appearance  of  these  ex- 
posures suggests  a  slight  rise  of  the  beds  toward  the  east  from  some 
point  near  the  southeast  comer  of  sec.  5,  but  there  are  not  sufficient 
outcrops  to  make  this  at  all  certain. 

The  remainder  of  this  township  toward  the  east  and  northeast  is 
covered  deeply  by  dune  sand,  and  no  outcrops  of  Permian  rocks  w^ere 
found  in  it. 

Attention  might  be  called  to  a  deposit  of  quartz  and  quartzite 
gravel  at  the  base  of  the  dune  sand,  overlying  red  nodular  clay,  in  the 
river  bluff  near  the  southwest  corner  of  see.  4.  The  gravel  here  is 
locally  somewhat  cemented  into  an  indurated  bed,  but  a  short  distance 
to  the  east  it  is  rather  loose.  This  bed  is  probably  between  40  and  65 
feet  above  the  water  of  the  river  and  between  1,050  and  1,075  feet 
above  sea  level. 

T.  5  S.,  B.  14  W. 

All  of  T.  5  S.,  R.  14  W.,  except  sec.  6  and  portions  of  sees.  4,  5, 
7,  anJ  8  lies  in  and  south  of  Red  River  and  has  not  been  examined 
for  this  report.  Xo  exposures  of  Permian  rocks  are  known  in  it 
north  of  the  river,  the  entire  surface  being  covered  by  dune  sand. 
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T.  4  S.,  B.  14  W. 

Bed  Siver  cuts  across  the  southern  parts  of  sees.  dS^  M,  35,  and  36 
in  the  southeastern  part  of  T.  4  S.,  R.  14  W.  This  area  is  drained  by 
Big  and  Little  Blue  creeks,  Curtis  Creek  (tributaries  of  Red  River), 
and  by  a  number  of  small  streams  flowing  northward  into  Deep 
Red  Run. 

Except  along  the  larger  streams  and  in  a  few  "  breaks  "  adjacent 
to  th^n,  the  surface  is  covered  by  a  deep  sandy  to  fine  soil  composed 
largely  of  wind-blown  material.  A  strip  of  land  from  1  to  2  miles 
wide  along  Red  River  is  covered  by  sand  dunes  or  by  a  deep  mantle  of 
wind-blown  sand. 

The  most  southern  outcrop  of  Permian  rocks  on  Curtis  Creek  is  in 
the  west  bank  of  the  creek,  in  the  SE.  i  SW.  i  see.  30.  Here  about 
5  feetof  red  clay  at  the  base  of  the  bluff  is  overlain  by  2  or  3  feet  of 
reddish  thin-bedded  clayey  sandstone,  above  which  is  2  feet  of  soft 
lumpy  clay-limest<me  conglomerate.  This  bed  contains  no  quartz 
p^bles  but  is  doubtfully  correlated  with  the  upper  part  of  the  Auger 
conglomerate.  It  has  an  elevation  of  1,063  feet  and  is  overlain  by 
some  red  clay,  above  which  is  a  layer  of  loose  pebbles,  largely  quartz 
and  quartzite,  overlain  by  loose  sand.  This  bed  of  pebbles  has  a  dis- 
tinctly younger  appearance  than  the  Grandfield  conglomerate.  The 
upper  conglomerate  of  the  Auger  lentil  and  its  associated  sandstone 
beds  outcrop  in  the  south  bank  of  Curtis  Creek  near  the  center  of  the 
W.  ^  sec.  30.  This  conglomerate  has  an  elevation  of  about  1,062  feet. 
Here  also  the  Permian  beds  are  overlain  by  the  layer  of  quartz  and 
quartzite  pebbles  underlying  wind-blown  sand. 

In  the  XE.  J  sec.  30  two  outcrops  of  the  same  bed  of  clay-limestone 
conglomerate  occur.  One  of  these  is  near  a  small  pond  in  the  north- 
west corner  of  the  quarter  section,  where  the  conglomerate  is  close, 
hard,  grayish  to  reddish,  and  resembles  closely  the  lower  bed  of  the 
Auger  conglomerate  where  best  developed.  It  has  an  elevation  of 
about  1.078  feet.  The  other  outcrop  occurs  in  the  road  on  the  east 
side  of  the  SE.  J  of  this  quarter  section.  It  is  here  reddish  to  gray- 
ish, very  close  and  compact,  and  seems  to  be  in  two  layers,  having  a 
total  thickness  of  possibly  as  much  as  G  ft^t.  Its  elevati(m  is  ap- 
proximately 1.100  feet  above  sea  level.  This  bed  forms  a  beautiful 
dip  slope  between  the  two  outcrops,  a  distance  of  ahiiost  half  a  mile. 
At  the  residence  just  north  of  this  outcrop  in  the  NE.  \  sec.  30  a  well 
over  40  feet  deep,  located  on  the  hill  at  a  slightly  higher  elevation 
than  the  outcrop,  is  in  red  clay,  showing  no  trace  of  clay-limestone 
conglomerate  or  sandstone.  A  few  feet  away  and  at  about  the  same 
elevation  another  well  found  4  or  5  feet  of  clay-limestone  conglom- 
erate and,  at  a  depth  of  from  5  to  1*2  feet  from  the  surface,  a  soft 
gi-ay  sandstone  containing  many  small  black  specks.     A  shallow  well 
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about  150  yards  north  of  this  point  shows  clay-limestone  conglom- 
erate and  gray  sandstone  beds  at  a  shallow  depth.  These  data  sug- 
gest strongly  that  the  clay-limestone  conglomerate  outcropping  at  an 
elevation  of  about  1,100  feet  is  the  lower  layer  of  the  Auger  lentil 
and  that  there  is  a  dip  in  it  of  probably  35  feet  from  the  middle  of 
the  east  line  of  the  NE.  J  sec.  30  southwest  to  Curtis  Creek,  a  dis- 
tance of  less  than  three-fourths  of  a  mile.  A  poor  exposure  of  clay- 
limestone  conglomerate,  which  seems  to  be  the  same  as  that  described 
above,  occurs  in  the  road  near  the  southeast  comer  of  the  NE.  J  KE.  J 
sec  29,  where  it  has  an  altitude  of  about  1,085  feet  above  sea  level. 
About  half  a  mile  north-northwest  of  this  outcrop,  on  the  south  bank 
of  Little  Blue  Creek,  there  is  a  peculiar  grayish  lumpy  clay-lime- 
stone-sandstone bed  which  can  not  be  definitely  correlated;  but  its 
association  with  gray  sandstones  and  bright  red  clay  of  Permian  age 
a  short  distance  farther  to  the  east  suggests  that  it  is  probably  the 
basal  bed  of  the  Auger  lentil.  This  outcrop  has  an  elevation  of  1,056 
feet.  Within  one-fourth  mile  toward  the  east  this  bed  and  its  ac- 
companying sandstone  layers  disappear.  They  either  grade  into 
sandy,  nodular,  red  clay  or  are  cut  out  by  a  local  unconformity. 
From  this  exposure  eastward,  in  sees.  21,  22,  23,  27,  and  28,  red 
nodular  clay  and  thin  fragments  of  clay-limestone  conglomerate  are 
the  only  Permian  rocks  outcropping.  At  a  number  of  places  along 
this  part  of  Little  Blue  Creek  is  a  bed  of  quartz  and  quartzite  pebbles, 
which,  though  somewhat  indurated  at  places,  is  evidently  yoimger 
than  the  Grandfield  conglomerate. 

A  number  of  exposures  of  the  Permian  beds  were  found  along  the 
sides  of  the  valley  of  Little  Blue  Creek  in  sees.  20, 17, 18,  and  7.  Most 
of  these  outcrops  are  such  as  to  leave  the  identification  of  the  beds 
somewhat  in  doubt,  but  at  a  few  places  the  Auger  conglomerate  seems 
to  be  fairly  typically  exposed.  At  one  of  these  places,  in  the  east 
bank  of  the  creek,  in  the  SW.  J  SW.  J  sec.  17,  irregularly  bedded 
grayish  to  reddish  sandstones  contain  a  rather  thin  variable  bed  of 
soft  reddish  clay-limestone  conglomerate.  These  beds  lie  very  un- 
evenly upon  red  clay  and  are  overlain  un conformably  by  a  quartz 
conglomerate  that  resembles  closely  the  Grandfield,  and  this,  in  turn, 
is  overlain  by  a  dark  to  bluish  or  grayish  clay  containing  small  white 
limestone  concretions.  The  layer  of  clay-limestone  conglomerate 
has  an  elevation  here  of  about  1,004  feet.  There  is  a  local  thicken- 
ing of  these  sandstone  layers  in  the  NE.  J  SE.  ^  sec.  18,  where  they 
were  quarried  in  a  small  way  for  building  stone.  At  this  place  they 
have  an  elevation  of  1,075  feet.  Northwest  of  this  location,  in  sees. 
18  and  7,  poor  outcrops  of  clay-limestone  conglomerate  and  a  quartz 
conglomerate  which  resembles  the  Grandfield  were  seen  at  a  few 
places,  but  most  of  these  could  be  definitely  correlated. 
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On  the  east  bank  of  Big  Blue  Creek,  near  the  center  of  tbe  SE,  J 
fiec.  2().  a  layer  of  grayish  clay-limestone  conglomerate,  from  1  to 
2  feet  thick,  was  observed  just  above  creek  level.  In  this  bed  frag- 
ments of  fossil  bones  were  found.  It  has  an  elevation  of  about  9W  . 
feet  above  sea  level.  It  is  overlain  for  5  or  6  feet  by  soft  whitish 
clayey  sandstone  layers  interbedded  with  red  clay,  and  above  this  is 
red  to  purplish  clay  about  30  feet  thick,  with  "  twisted  or  knotted  " 
limestone  concretions,  and  at  the  top  of  the  bluff  is  about  25  feet  of 
loose  brownisli  sand.  At  places  a  little  farther  north  a  bed  of  coarse 
(juarlz  and  quartzite  conglomerate,  cemented  by  lime  into  a  reddish 
hard  masK.  1  to  5  feet  thick,  lies  near  the  base  of  the  wind-blown 
sand.  This  conglomerate  resembles  \ery  mucli  the  Grandfield  con- 
glomerate, though  it  may  be  reworked  material  from  thai  bed.  At 
tiiis  place  tlie  Auger  lentil  could  not  he  identified  with  certainty.  The 
clay-limestone  conglomerate  noted  above  as  carrjing  fragments  of 
bones  may  he  the  upper  layer  of  the  Auger  and  may  lie  at  the  horizon 
of  the  bones  foimd  in  the  NAV.  J  XW.  J  sec.  2^.  T.  3  S..  R.  15  W. 
However,  it  is  most  probably  a  clay-limestone  congkimerate  imderly- 
ing  the  bright-red  clay  i>ed  seen  at  a  few  places  about  40  feet  below 
the  Auger  lentil.  This  outcrop  suggests  a  general  dip  toward  the 
east.  About  100  yards  north  of  tlie  above  exposure,  near  the  north 
end  of  a  high  bluff  on  the  east  side  of  Big  Blue  Creek,  there  is  a 
rather  pofir  exposure  of  dark,  timy.  ferruginous  sandstone  which 
seems  to  <lip  !it  ;i  lilt'li  iirifrU'  toward  the  north.  This  dip  is  also 
strongly  suggested  by  poor  exposures  of  clay -limestone  conglomerate 
and  by  divisions  in  the  beds  of  clay.  In  the  short  time  at  his  dis- 
posal the  writer  was  unable  to  determine  with  certainty  the  structure 
of  the  rocks  at  this  place. 

Near  the  soathern  edge  of  the  NE.  i  NE,  i  sec.  35  several  rather 
thick  beds  of  whitish  to  reddish  sandstone  alternating  with  red  clay 
outcrop  for  100  yards  along  the  west  bluff  of  Big  Blue  Creek.  The 
writer  was  unable  to  identify  definitely  these  beds.  They  are  very 
irregularly  bedded  and  range  from  massive  to  thin  bedded.  The 
bedding  planes  show  a  decided  dip  toward  the  north,  the  angle  being 
greatest  at  the  southern  end  of  the  exposure.  The  writer  is  inclined 
to  believe  that  these  sandstone  beds  imderlie  the  Auger  conglomerate, 
and  that  they  dip  toward  the  north  and  pass  below  Big  Blue  Creek, 
a  short  distance  upstream.  If  this  is  true,  the  structure  of  the  rocks 
is  similar  to  that  shown  by  the  contours  on  Plate  IV.  A  few  poor 
outcrops  of  massive  grayish  sandstone,  which  could  not  be  correlated 
with  the  Auger  lentil,  were  seen  a  few  feet  above  the  river  bluff  in 
sees.  34,  35,  and  36.  This  sandstone  seemed  U)  be  practically 
horizontal. 

No  outcrops  of  Permian  roclis  were  seen  along  Big  Blue  Creek  in 
sec  23,  but  on  the  west  side  of  this  creek  near  the  southwest  corner  of 
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he  SE.  i  SE.  i  sec.  14  a  good  outcrop  of  the  day-limestone  conglom- 
srmte  of  the  Auger  lentil  occurs  at  an  elevation  of  1,039  feet  above 
ea  level.  The  conglomerate  is  here  overlain  by  loose  clayey  stream 
^vel  and  underlain  by  the  bluish  white  and  speckled  sandstone  lay- 
xs  of  the  Auger  lentil,  the  typical  bright-red  clay  lying  below.  A  few 
rards  farther  west,  in  the  same  outcrop,  the  overlying  stream  gravel 
^t  out  the  Auger  lentil  and  lies  unconformably  on  the  bright-red 
iay.    - 

At  the  southwest  comer  of  sec.  13  the  clay-limestone  of  the  Auger 
entil  outcrops  in  a  massive  layer  at  the  top  of  a  small  break  at  an 
devation  of  1,048  feet.  At  an  outcrop  about  one-fourth  mile  to  the 
lortheast  it  has  an  elevation  of  1,060.  At  this  place  and  at  an  out- 
ax)p  near  the  center  of  the  NW.  J  SW.  J  sec  13  the  bluish-white  and 
speckled  sandstone  layers  accompany  the  clay-limestone  conglomer- 
ite.  At  the  latter  outcrop  the  conglomerate  has  an  elevation  of 
L,05S  feet.  These  four  outcrops  show  a  local  rise  in  the  beds  toward 
the  east  at  the  rate  of  probably  40  feet  to  the  mile.  A  doubtful  outcrop 
of  the  conglomerate  of  the  Auger  lentil  occurs  in  the  railroad  cut  on 
the  east  bluff  of  Big  Blue  Creek,  at  an  elevation  of  1,045  feet.  The 
day-limestone  of  the  Auger  lentil  outcrops  on  the  west  bank  of  this 
creek  150  yards  south  of  the  north  line  of  sec.  14,  also  just  south  of 
the  road  across  the  east  fork  of  Big  Blue  Creek  at  the  north  side  of 
sec.  13,  and  again  about  300  yards  north  of  this  crossing,  on  the  west 
side  of  the  creek.  These  outcrops  are,  respectively,  at  elevations  of 
1,055,  1,049,  and  1,052  feet.  Near  the  northwest  comer  of  the  SE.  J 
SW.  i  sec.  12  is  an  outcrop  of  typical  Grandfield  conglomerate  which 
contains  many  quartz  and  quartzite  pebbles  and  stands  at  an  eleva- 
tion of  1,045  feet.  Either  this  conglomerate  lies  directly  upon  the 
Auger  lentil  or  the  latter  is  cut  out  entirely  by  the  unconformity. 
Some  of  the  upper  sandstone  beds  of  the  Auger  are  exposed  along 
Big  Blue  Creek  in  the  southeastern  part  of  sec.  11,  and  the  clay- 
limestone  conglomerate  probably  lies  just  below  the  bottom  of  the 
stream  to  the  north  edge  of  this  section,  where  it  again  outcrops  at 
an  elevation  of  1,058  feet.  About  a  mile  north-northeast  of  the  above 
outcrop,  near  the  middle  of  the  north  line  of  the  NW.  J  sec.  1, 
a  speckled  sandstone  bed  inclosing  a  thin  layer  of  clay  limestone  con- 
glomerate closely  resembling  the  conglomerate  of  the  Auger  lentil 
stands  at  an  elevation  of  1,102  feet  above  sea  level. 

In  sec.  15,  on  a  large  tributary  flowing  into  Little  Blue  Creek  from 
the  north,  Pennian  rooks  are  exposed  at  a  number  of  places.  The 
most  southern  outcrop  of  the  Auger  conglomerate  found  on  this 
tributary  is  on  its  west  side  about  50  yards  south  of  the  north  line  of 
sec.  22,  where  it  is  at  an  elevation  of  about  1,059  feet.  Near  the 
northeast  comer  of  the  SW.  J  sec.  15  thick  beds  of  the  bluish-white 
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and  "  speckled ''  sandstones  of  the  Auger  lentil,  inclosing  three  layers 
of  clay-limestone  conglomerate,  outcrop  at  an  elevation  of  about  1,064 
feet.  The  sandstone  is  here  very  irregularly  bedded  and  seems 
to  lie  unconformably  on  red  clay.  Other  exposures  of  the  same 
beds  along  this  creek  northward  to  the  section  line  stand  succes- 
sively 1,069,  1,078,  and  1,079  feet  above  sea  level.  This  creek  forks 
near  the  center  of  sec.  15,  and  on  the  west  fork  near  the  east 
side  of  sec.  16  the  Auger  conglomerate  is  exposed  a  few  feet  above 
stream  level  at  an  elevation  of  about  1,082  feet  and  is  capped  by  a 
typical  deposit  of  the  Grandfield  conglomerate,  which  seems  to  form 
a  dip  slope  to  this  point  from  its  outcrop  on  the  ridge  at  the  west 
side  of  sec.  16.  Reworked  gravel  fi-om  this  bed  was  seen  at  many 
places  along  the  creek  in  see.  15,  The  Grandfield  conglomerate  is 
also  exposed  in  a  shallow  railroad  cnt  east  of  the  road  in  the  NW.  i 
sec.  10  at  an  elevation  of  1.110  feet.  It  also  outcrops  at  an  elevation 
of  about  1.081  feet  in  the  east  bank  at  the  forks  of  the  creek,  at  a 
large  pond  in  the  SW.  i  sec.  10.  At  its  type  locality  in  the  south- 
eastern part  of  Grandfield,  the  Grandfield  conglomerate  seems 
to  form  a  thin  layer  at  or  near  the  top  of  the  hill.  Generally  it  is 
not  well  exposed  here  except  on  the  road  southeast  of  the  tflwn,  but 
it  has  been  encountered  at  many  places  in  dicing  storm  cellars  and 
is  usually  a  hard  reddish  conglomerate  containing  many  quartz  and 
quartzite  pebbles  held  together  by  a  limestone- clay  malrix.  In  the 
southeastern  part  of  Grandfield  this  conglomerate  has  a  niaxiniura 
elevation  of  helween  l,14r>  and  l.l.'i.")  feet. 

On  several  small  streams  which  flow  northward  to  Deep  Red  Run 
from  Grandfield  in  sees,  4  and  5  are  a  number  of  outcrops  of  the 
Auger  lentil.  One  of  these  outcrops  is  in  a  small  ditch  on  the  south 
aide  of  the  railroad  a  short  distance  west  of  the  water  tank  at  Grand- 
field.  Here,  at  the  base,  there  is  a  bed  of  bluish-white  sandstone, 
which  contains  many  small  black  specks  and  which  is  overlain  by 
4  or  5  feet  of  reddish  thin-bedded  laminated  sandstone,  at  places 
false-bedded.  These  beds  resemble  very  much  the  sandstones  of  the 
Auger  lentil.  They  are  overlain  by  red  clay  containing  residual 
quartz  gravel  from  the  Grandfield  conglomerate.  Less  than  half  a 
mile  north  of  this  exposure  the  "  speckled  sandstone  layer  "  overlies 
a  thin  reddish  :lay-limestone  conglomerate  believed  to  be  the  lower 
layer  of  the  Auger  ;onglomerate  lentil.  At  no  exposure  in  sec.  5  is 
the  Auger  lentil  typically  exposed,  the  lower  layers  of  sandstone  and 
the  clay-limestone  jonglomerate  beds  being  either  unusually  thin  or 
absent  altogether.  Traced  northward  into  T,  3  S,,  R.  14  W.,  these 
beds  seem  to  assume  their  normal  thickness,  outcropping  along  the 
bluffs  of  Deep  Red  Run.  The  speckled  bed  near  the  water  tank  at 
Grandfield  has  an  elevation  of  about  1,097  feet.  From  this  point  the 
dip  is  between  20  and  30  feet  to  the  north  line  of  the  section.    Per- 
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mian  beds  consisting  largely  of  red  clay  outcrop  in  places  in  sees.  34 
and  86,  but  at  none  of  these  could  the  Auger  lentil  be  definitely  recog- 
nised. 

The  important  geologic  facts  regarding  this  township  brought  out 
in  the  above  description  are  (1)  that  there  is  a  general  low  dip 
toward  the  south  from  the  most  northerly  exposures  of  the  Auger  con- 
glomerate on  Big  and  Little* Blue  Creeks  and  their  tributaries;  (2) 
that  this  southerly  dip  is  very  probably  interrupted  by  a  low  anti- 
cline passing  south  of  east  through  parts  of  sees.  19,  20,  29,  28,  27, 
89,  84,  35,  and  86,  or  20  and  25,  as  indicated  by  the  elevation  of  the 
Auger  conglomerate  in  and  near  sees.  29  and  30  and  by  the  probable 
dip  toward  the  north  of  the  sandstone  near  the  mouth  of  Big 
Blue  Creek;  (3)  that  the  beds  are  in  general  higher  toward  the  west 
and  north  than  toward  the  east  and  south  and  that  the  axis  of  an 
anticline  trending  roughly  east- west  seems  to  lie  somewhere  between 
the  exposure  in  sec.  15  and  those  in  sec.  5 ;  and  (4)  that  the  Grand- 
field  conglomerate,  though  lying  unconformably  upon  the  Wichita 
formation,  which  includes  the  Auger  conglomerate  lentil,  shows  the 
same  general  structure  as  the  latter,  and  also  has  a  dip  of  probably 
55  or  60  feet  in  the  first  mile  and  a  half  southeast  of  Grandfield,  sug- 
gesting that  there  may  be  a  similar  dip  in  the  Auger  lentil  in  this 

locality. 

T.  8  s.,  B.  14  W. 

T.  3  S.,  E.  14  W.,  is  drained  by  Deep  Red  Rim,  which  flows  from 
west  to  east.  Its  valley  and  the  valleys  of  its  tributaries  are  broad, 
flat,  and  alluvium-covered.  The  interstream  areas  are  smooth  and 
fairly  level  and  are  covered  with  a  thick  layer  of  fine  sandy  to  stiff 
reddish  and  dark  soil. 

All  the  exposures  of  the  recognized  Permian  beds  occur  along  the 
valley  bluffs  and  in  a  few  breaks  adjacent  to  them.  The  Auger  con- 
glomerate is  well  exposed  at  a  number  of  places  on  the  south  bluffs  of 
Deep  Red  Run.  A  section  of  a  typical  outcrop  of  the  Auger  in  the 
NE.  J  sec.  27  has  been  given  on  page  24.  About  a  mile  west  of  this 
place  the  massive  speckled  sandstone  of  the  Auger  lentil  outcrops  in 
a  large  break  near  tlie  middle  line  of  the  west  side  of  sec.  27  at  an 
elevation  of  1,069  feet,  the  lower  clay-limestone  conglomerate  being 
at  about  1,065  feet.  One-half  mile  farther  west  a  poor  outcrop  of 
clay-limestone  conglomerate,  doubtfully  correlated  as  belonging  to  the 
Auger  lentil,  has  an  elevation  of  1,044  feet.  T^ss  than  a  half  mile 
south  of  this  exposure,  in  the  NW.  I  SE.  ^  sec.  28,  the  "  speckled 
sandstone"  has  an  elevation  of  1,050  feet,  the  clay -lime  conglomerate 
being  thin  and  p(x)rly  exposed.  About  three-fourths  mile  farther 
south,  in  the  S.  I  NE.  J  sec.  33,  the  conglomerate  and  accompanying 
sandstones  of  the  Auger  lentil  outcrop  in  a  number  of  small  breaks 
at  elevations  ranging  from  about  1,059  to  1,065  feet  above  sea  level. 
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Near  the  township  line,  in  the  SW.  i  SW.  i  sec.  34,  the  '^speckled 
sandstone"  bed  and  clay-lime  conglomerate  of  the  Auger  lentil  is 
found  in  a  shallow  well  at  7  to  12  feet  from  tiie  surface  and  at  an 
elevation  of  about  1,083  feet. 

On  the  south  side  of  the  valley  of  Deep  Bed  Bun,  at  the  western 
edge  of  sea  28,  the  conglomerate  and  sandstones  of  the  Auger  lentil 
are  revealed  by  a  cut  made  for  the  road,  at  which  place  the  top  of  the 
conglomerate  is  1,031  feet  above  sea  level.  Between  this  point  and 
the  exposure  on  the  west  side  of  a  tributary  valley  to  Deep  Bed  Bun 
from  the  south  near  the  middle  of  s^  29  there  is  a  rise  of  about  16 
feet  in  the  Auger  lentil.  Aloii^  this  tributary  the  beds  rise  contin- 
uously toward  the  south  through  sees.  29  and  32.  The  top  of  a  typical 
section  of  these  beds  near  the  southern  border  of  the  SE.  ^  sec.  2% 
is  at  an  elevation  of  about  1,070  feet.  The  rise  of  these  beds,  as  has 
been  shown  in  the  discussion  of  T.  4  S.,  B.  14  W.,  continues  to  the 
town  of  Grandfield,  a  mile  farther  south,  showing  a  total  dip  of  be- 
tween 60  and  70  feet  northward  from  the  station  at  Grandfield  to 
the  valley  of  Deep  Bed  Bun. 

Near  the  center  of  the  SW.  i  sec  20  two  outcrops  of  massive  gray 
sandstone  beds  occur  along  the  southern  bluff  of  Deep  Bed  Bun  at 
elevations  about  1,052  feet  Near  the  southeast  comer  of  sec  19  there 
is  a  fine  outcrop  of  Auger  lentil  at  which  the  ^^  speckled  sandstcme 
layer,''  accompanying  the  lower  portion  of  the  clay-limestone  con- 
glomerate, is  at  an  elevation  of  1,047  feet.  This  exposure  occurs  in 
the  bank  of  a  small  tributaty  to  Deep  Bed  Bun  and  in  an  adjacent 
break,  the  vertical  section  being  about  20  feet.  At  the  base  of  this 
section  is  about  5  feet  of  reddish,  irregular-bedded  sandstone  which  lias 
the  appearance  of  being  overlain  unconformably  by  red  clay,  in  which 
occur  two  or  three  thin  layers  of  white  and  gray  sandstones  and  clay- 
limestone  conglomerate,  some  of  which  are  smooth  bedded,  the  other 
layers  being  very  irregular  bedded  and  variable  in  thickness.  At 
another  place  in  this  break,  about  12  feet  above  the  base  of  the  sec- 
tion, there  is  exposed  about  2  feet  of  a  soft  bluish-white  sandstone 
showing  a  characteristic  cross-bedding,  which  in  most  outcrops  of  the 
bed  has  the  appearance  of  being  a  true  dip.  At  this  place  the  layers 
slope  toward  the  southwest  at  an  angle  of  10°  to  15°.  This  bed  is 
is  overlain  by  2  to  3  feet  of  red  clay  which  has  above  it  about  5  feet 
of  cross-bedded  sandstone,  which  is  in  turn  overlain  by  about  15  feet 
of  bright-red  clay  containing  roundish  clay-limestone  concretions. 
Near  the  top  of  the  break  on  the  south  side  of  the  road  at  this  place 
the  upper  layer  of  the  Auger  conglomerate  outcrops  as  a  rather 
massive  bed  of  day-limestone  conglomerate,  at  an  elevation  of  1,067 
feet.  This  conglomerate  outcrops  again  near  the  middle  of  the  east 
line  of  the  NE.  i  sec.  30,  where  it  has  an  elevation  of  1,071  feet.  It  is 
exposed  at  many  places  near  the  center  of  sec.  30,  the  best  outcrop 
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being  near  a  p<»id  in  the  southwest  corner  of  the  NE.  ^,  where  it  has 
an  elevation  of  1,055  feet. 

In  the  southern  part  of  sec.  30  the  Auger  lentil  becomes  very  thin 
and  is  poorly  exposed  in  the  shallow  breaks.  A  doubtful  exposure 
of  the  upper  layer  of  the  Auger  conglomerate  in  the  SE.  \  SW.  i 
of  this  section,  at  an  elevation  of  1,051  feet,  suggests  a  continuation 
of  the  dip  from  northeast  to  southwest  across  this  section.  Near  the 
center  of  sec.  31  is  a  poor  exposure  of  gray  and  red  sandstone  and 
a  thin  layer  of  clay-limestone  conglomerate,  which  is  doubtfully 
correlated  as  Auger  lentil.  This  clay-limestone  has  an  elevation  of 
about  1,076  feet  and  shows  a  slight  dip  toward  the  northeast. 

In  the  southeastern  part  of  this  township  the  lower  clay-limestone 
conglomerate  of  the  Auger  lentil  is  at  many  places  unusually  thick 
and  massive.  At  one  of  the  outcrops  in  the  southwest  corner  of  the 
NE.  i  sec.  26  this  bed  has  a  total  thickness  of  5  or  6  feet  and  at  places 
forms  a  low  bluff  along  the  valley  side.  It  is  here  very  hard,  reddish 
to  gray  in  color,  contains  a  few  fossil  bones,  and  stands  at  an  eleva- 
tion of  1,047  feet.  A  short  distance  northeast  of  this  exposure  the 
clay-limestone  conglomerate  bed  is  underlain  by  8  or  10  feet  of 
massive  irregular-bedded  sandstone,  a  layer  of  which  contains  the 
characteristic  black  specks  of  the  "  speckled  sandstone  layer  "  of  the 
Auger  lentil. 

Near  the  southeast  comer  of  the  NW.  ^  NW.  J  sec.  85  the  Auger 
lentil  is  typically  exposed  in  the  east  bank  of  the  small  run,  at  an 
elevation  of  1,062  feet.  The  upper  portion  of  this  bed  is  in  poor 
outcrop  about  one-half  mile  farther  southeast,  where  it  has  an  eleva- 
tion of  between  1,070  and  1,080  feet. 

In  the  road  near  the  middle  line  of  the  south  side  of  the  SE.  J 
sec.  35,  a  clay-limestone  conglomerate  thought  to  belong  to  the  Auger 
lentil  outcrops.  This  has  already  been  mentioned  as  being  at  an  ele- 
vation of  about  1,096  feet,  showing  a  rise  of  about  34  feet  in  this  bed 
toward  the  southeast  within  a  distance  of  a  mile.  The  outcrop  of  the 
"  speckled  sandstone  layer  "  and  clay-limestone  conglomerate  at  the 
southern  border  of  the  SE.  J  SW.  J  sec.  36,  at  an  elevation  of  1,102 
feet,  was  described  under  T.  4  S.,  R.  14  W. 

About  three-fourths  mile  due  north  of  this  exposure,  near  the  cen- 
ter of  the  NW.  I  sec.  36,  some  soft  bluish-white  sandstones  were  seen 
with  soft  beds  of  clay-limestone  conglomerate  that  are  very  doubt- 
fully correlated  with  the  upper  portion  of  the  Auger  lentil.  If  this 
correlation  is  correct  the  conglomerate  shows  considerable  change 
from  the  adjacent  exposures  to  the  west  and  it  also  shows  a  dip  of  60 
feet  toward  the  north  from  the  southern  border  of  the  township. 

In  the  western  part  of  the  NE.  J  sec.  25  a  very  poor  exposure  of 
clay-limestone  conglomerate  occurs  at  the  top  of  a  small  break  at  an 
altitude  of  1,031  feet.    This  may  possibly  be  the  lower  conglomerate 
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bed  nf  (he  Auger  lenlil.  Xear  the  southeast  corner  of  the  SE.  i  set. 
24  on  the  east  bluff  of  a  large  tributary  to  Deep  Bed  Run  a  fine  out- 
crop  of  the  conglomerate  of  the  Anger  lentil  stands  at  an  elevation 
of  1,030  feet.  About  a  mile  northwest  of  this  exposure,  in  the  NE.  J 
NE.  J  sec.  23,  typical  cJay-liraestone  conglomerate  of  the  Auger  lentil, 
accompanied  by  the  "speckled  sandstone  layer.'*  occurs  on  the  east 
bank  of  Deep  Red  Run.  where  it  ranges  in  elevation  from  1,014  lo 
1.025  feet  above  sea  level,  the  dip  being  to  the  north.  About  three- 
fourths  mile  almost  due  west  of  this  exposure,  near  the  northwest 
comer  of  sec.  23,  th«  conglomerate  of  the  Auger  lentil  outcrops  in  a 
low  hill  at  the  edge  of  the  valley  at  an  elevation  of  1,030  feet  Thb 
bed  may  be  traced  for  some  distance  to  the  west  and  is  everywhere 
accompanied  by  bluish-white  and  speckled  sandstone  layers  underlain 
by  bright  red  clay  containing  clay-lime  concretions.  About  IJ  miles 
due  west  of  the  above  exposure,  on  the  north  line  of  the  NAV.  i  sec. 
21,  the  Auger  conglomerate  is  at  an  elevation  of  1,020  feet.  In  the 
NE.  i  SW.  i  sec.  18,  on  the  south  bank  of  the  Middle  Fork  of  Deep 
Red  Run,  a  fine  outcrop  of  Auger  conglomerate  has  an  elevation  of 
1,030  feet.  No  outcrops  of  this  conglomerate  were  found  in  the 
northwest  quarter  of  this  township  north  of  the  two  exposures  named 
above  in  sees.  21  and  18.  A  lime-sandstone  and  an  impure  sandy 
clay-lime  conglomerate,  doubtfully  identified  as  the  Auger  lentil, 
occur  near  the  middle  part  of  the  noi-them  border  of  the  NW.  J 
sec.  14,  at  approximately  l.Ott  feet.  About  a  mile  eastward  on  the 
same  line,  jus-t  south  of  the  rnad.  the  lower  purtion  of  (he  Auger 
lentil  outcrops  at  an  elevation  of  1,013  feet  on  the  east  side  of  a 
tributary  to  Deep  Red  Run  fr(«n  the  north.  At  this  place  a  quartz- 
conglomerate  having  very  much  the  appearance  of  the  Grandfield 
conglomerate  cuts  out  the  upper  portion  of  the  Auger  lentil  and  a 
little  farther  south  the  Auger  lentil  is  absent,  the  Grandfield  being 
in  contact  with  the  bright-red  clay  below.  No  elevations  were  ob- 
tained on  the  Auger  lentil  farther  north  in  this  township,  hut  it  is 
well  exposed  on  the  bluffs  in  the  NW.  i  sec  10  and  in  a  number  of 
places  in  the  E.  ^  sec.  3,  the  highest  outcrop  being  on  the  north  line 
of  the  NW.  i  NW.  i  sec.  2,  where  it  is  only  a  few  feet  below  the  top 
of  the  ndge  and  probably  at  an  elevation  between  1,090  and  1,110 
feet  above  sea  level.  Along  this  line  of  exposures  in  sees.  10,  3,  and  2 
the  Grandfield  conglomerate  immediately  overlies  the  Auger  lentil 
and  forms  a  low  bench  along  the  hillsides.  No  other  exposures  were 
seen  in  sec.  2  or  in  sec  11,  but  from  the  character  of  the  outcrops  to 
the  west  it  seems  very  probable  that  the  broad,  low,  dome-like  hill  in 
the  central  part  of  sec  2  is  capped  by  the  Grandfield  conglomerate, 
the  Auger  lentil  lying  below,  and  that  the  broad,  even  slopes  to  the 
south,  southeast,  and  for  a  short  distance  to  the  west  are  really  dip 
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slopes  on  the  Grandfield  conglomerate.  In  the  northern  part  of  sec. 
1  the  Grandfield  conglomerate  is  exposed  at  a  number  of  places  and 
the  character  of  the  topography  suggests  strongly  that  it  underlies 
the  surface  at  a  very  shallow  depth  over  the  southern  part  of  sec.  1 
and  over  all  the  interstream  area  of  sec.  12  to  a  point  where  it  out- 
crops at  creek  level  in  the  NE.  J  NW.  J  sec  13,  as  described  above. 

All  the  evidence  cited  above  and  found  in  the  field  shows  that  the 
rocks  in  the  southern  porticm  of  this  township  south  of  Deep  Red 
Bun  dip  to  the  north.  This  dip  probably  does  not  average  more  than 
20  or  25  feet  to  the  mile,  but  locally  it  may  range  as  high  as  50  or 
60  feet  to  the  mile.  The  strike  of  the  rocks  appears  to  be  in  general 
east  and  west.  North  of  Deep  Red  Rim  the  structure  of  the  Auger 
ccmglomerate  is  not  well  known,  because  of  tlie  few  exposures  in  that 
area.  The  outcrops  that  were  found  indicate  strongly  that  from  the 
vicinity  of  the  valley  of  Deep  Red  Run  the  Permian  beds,  as  well 
as  the  Grandfield  conglomerate,  rise  to  the  north,  the  valley  of  Deep 
Bed  Run  marking  roughly  the  position  of  a  syncline  liaving  a  gen- 
eral east-west  trend  and  pitching  slightly  toward  the  east.  Here, 
as  elsewhere,  the  Grandfield  conglomerate  shows  the  same  general 
structure  as  that  of  the  Permian  rocks,  though  it  is  clearly  uncon- 
formable on  these  beds. 

T.  8  S.,  B.  13  W. 

Deep  Red  Rim  enters  T.  3  S.,  R.  13  W.,  from  the  west  near  its  middle 
and  flows  south-southeast,  leaving  it  about  1^  miles  north  of  its 
southeast  comer.  The  valley  of  the  run  is  from  three-fourths  of  a 
mile  to  a  mile  wide,  very  flat,  and  alluvium  covered.  A  number 
of  large  tributaries  enter  this  stream  from  the  north  and  the  south, 
and  the  Auger  lentil  is  at  many  places  exposed  on  them.  The  clay- 
limestone  conglomerate  beds  of  the  Auger  lentil  are  relatively  very 
thick  and  massive  over  most  of  this  township,  especially  in  the 
southern  portion.  The  upper  conglomerate  layer  ranges  from  less 
than  10  feet  to  probably  as  much  as  15  feet  above  the  lower,  which 
is  embedded  in  the  "  speckled  sandstone  layer."  A  typical  exposure 
of  the  upper  layer  occurs  near  the  middle  of  the  south  line  of  the 
SW.  }  sec.  8*2,  where  it  is  2  to  4  feet  thick,  reddish,  and  contains  clay 
pebbles,  the  largest  an  inch  in  diameter,  and  also  some  fragments  of 
bones.  At  this  point  it  has  an  elevation  of  1,0G2  feet.  It  is  exposed 
again  a  sliort  distance  north  of  the  center  of  sec.  31,  where  it  has  an 
elevation  of  1,0()8  feet.  From  this  point  the  conglomerate  dips 
northeastward  and  is  typically  exposed  near  the  eastern  edge  of  the 
SW.  J  SW.  i  sec.  29  at  the  top  of  a  break,  where  it  has  an  elevation 
of  1,038  feet,  showing  a  dip  of  30  feet  in  about  three- fourths  of  a  mile. 
Between  these  two  exposures,  in  the  central  part  of  the  NE.  i  sec.  31 
and  in  the  SE.  i  SE..  I  sec.  30,  the  low^er  conglomerate  of  the  Auger 
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lentil  and  its  accompanying  sandstones  are  exposed  at  several  plaoeiB 
at  elevations  ranging  from  1,026  to  1,035  feet.    The  upper  con^ona* 
erate  is  also  well  exposed  near  the  top  of  the  hill  in  the  NW.  i  SW.  \ 
sec  88,  where  it  standi  at  an  elevation  of  1,072  feet.    A  little  ov^^^ 
one-half  mile  due  north  of  this  point  the  same  bed  outcrops  on  ifc=^ 
hill  slope  to  the  north  at  an  elevation  of  1,059  feet,  from  which  pcn:^^ 
it  dips  rapidly  to  the  north  to  an  elevation  of  1,020  feet  near  tBD0 
south  line  of  the  NW.  i  sec.  28  and  about  150  or  200  yards  aouthefc    ■^ 
of  a  deep  well  drilled  for  oil  on  the  Greorge  Cabalcha  farm  by 
OUahoma-Electra  Oil  Ca    A  similar  dip  in  this  bed  was  noti 
frcHU  the  center  of  the  SE.  i  sec  88  northward  to  the 
of  Deep  Bed  Bun,  at  which  point  the  lower  clay-limestone  oon^< 
erate  is  practically  at  the  level  of  the  valley.    A  bed  of  the  da;^ 
limestone  that  resembles  the  lower  conglomerate  of  the  Auger  lent — ^'1 
outcrops  near  the  northeast  comer  of  the  SE.  i  sec.  20  at  an  elevatio^c^ 
of  1,025  feet,  but  the  character  of  the  exposure  at  this  point  is 
as  to  render  this  identification  doubtful.    West  and  norttiwest  of 
exposure,  in  sees.  20,  18,  and  19,  several  outcrops  of  the  Orandfiel  -  ^ 
conglomerate  were  noted  which  appear  to  be  at  elevations  betwea...^^^^ 
1,010  and  1,025  feet 

Along  a  low  escarpment  trending  northeast-southwest  across  tiu^^ 
NW.  i  sec.  19  the  Auger  lentil  is  exposed  in  a  number  of  places  at  a^^ 
elevation  ranging  from  about  1,040  to  1,045  feet.  Less  than  a  hal^^ 
mile  northwest  of  this  escarpment,  on  the  township  line,  a  thin 
of  clay-limestone  conglomerate,  badly  weathered,  outcrops  near  thi 
top  of  a  small  hill  which  is  capped  by  the  Grandfield  conglomerate  ^ 
If  this  is  the  upper  conglomerate  of  the  Auger  lentil,  it  shows  a  dip^ 
toward  the  northeast  of  between  35  and  40  feet  within  less  than  hal^ 
a  mile.  The  character  of  the  exposure,  however,  is  such  as  to  leave 
its  identification  very  much  in  doubt. 

In  the  southeastern  portion  of  this  township  a  fine  outcrop  of  the 
Wichita  formation  containing  the  horizon  of  the  limestone  of  the 
Auger  lentil  occurs  on  the  middle  line  of  sec.  35,  about  200  yards 
south  of  its  northern  edge,  at  an  elevation  of  1,013  feet.  This  bed 
also  outcrops  on  both  sides  of  the  road  about  200  yards  west  of  the 
southeast  comer  of  sec.  27,  where  it  stands  at  an  elevation  of  1,004 
feet. 

Traced  southwestward  from  this  exposure  the  limestone  rises  14 
feet  in  the  first  half  mile  and  34  feet  in  the  first  1^  miles  and  68  feet 
in  2  miles  to  the  outcrop,  already  described,  in  the  SW.  J  sec.  33. 
Traced  southward  from  the  southeast  corner  of  sec.  27  this  bed  rises 
much  more  rapidly  to  a  high  hill  on  the  township  line  a  short  dis- 
tance east  of  the  southeast  comer  of  sec.  34,  where  it  has  an  elevation 
of  about  1,081  feet,  showing  a  dip  to  the  north  of  about  77  feet  in  1 
mile. 
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A  number  of  other  exposures  in  this  vicinity  show  clearly  thai 
there  is  a  well-marked  dip  to  the  north  in  sees.  28,  38,  34,  and  35. 

No  outcrops  of  the  Auger  lentil  were  found  in  sees.  25  and  36  in 
the  southeastern  comer  of  this  township,  but  in  the  SW.  J  sec.  36 
there  are  several  exposures  of  a  grayish  thin-bedded  curly  ripple- 
marked  sandstone,  weathering  dark  or  black,  which  in  places  contains 
considerable  iron  in  small  concretionary  masses.  This  bed  is  only  a 
few  feet  above  the  valley  of  Deep  Eed  Run,  and  seems  to  correspond 
to  a  similar  bed  exposed  farther  east,  which  lies  a  short  distance 
below  the  lower  conglomerate  of  the  Auger  lentil.  Because  of  its 
peculiar  appearance  this  sandstone  was  noted  in  the  field  as  the 
^  black  curly  sandstone  layer."  No  outcrop  of  this  bed  was  foimd 
farther  west,  and  it  seems  to  grade  into  sandy  red  clay  in  that  direc- 
tion and  to  thicken  rapidly  toward  the  east  and  south,  where  it  be- 
comes one  of  the  more  conspicuous  sandstone  layers  of  the  Wichita 
formation. 

On  a  small  tributary  just  north  of  the  valley  of  Deep  Red  Run, 
a  short  distance  southeast  of  the  center  of  sec.  16,  the  clay-limestone 
beds  of  the  Auger  lentil  are  unusually  thick.  At  this  place  the  two 
heds  of  clay-limestone  have  a  total  thickness  of  probably  15  feet  and 
are  separated  by  a  few  feet  of  red  clay.  Just  east  of  this  outcrop,  in 
the  top  of  a  small  round  hill,  typical  Grandfield  conglomerate  con- 
taining many  large  quartz  and  quartzite  pebbles,  held  together  by  a 
reddish  clay-limestone  matrix,  lies  Jibout  22  feet  above  the  top  of  the 
upper  conglomerate  of  the  Auger  lentil.  Traced  northwestward 
along  the  valley  bluffs  the  Auger  lentil  and  Grandfield  conglomerate 
approach  each  other  and  within  a  half-mile  the  upper  layers  of  the 
Auger  lentil  are  cut  out  by  the  Grandfield,  and  half  a  mile  farther 
northwest  all  the  Auger  seems  to  have  been  cut  out  and  the  Grand- 
field-  lies  directly  on  the  bright- red  clay  below  the  horizon  of  the 
Auger. 

Southeastward  from  the  exposure  near  the  center  of  sec.  16  the 
Auger  lentil  outcrops  at  many  places  along  the  low  bluffs  to  near 
the  center  of  the  NE.  J  sec.  22,  where  it  is  again  cut  out  by  the  un- 
conformity between  it  and  the  Grandfield  conglomerate,  which  is 
found  unconformably  on  red  clay  at  an  horizon  below  the  Auger. 
From  this  point  to  the  eastern  edge  of  the  township  on  the  north 
side  of  the  valley  of  Deep  Red  Run  the  Auger  lentil  is  not  exposed, 
the  Grandfield  conglomerate  being  present  at  a  number  of  places  at 
altitudes  onlv  a  few  feet  above  the  vallev. 

A  large  tributary  to  Deep  Red  Run  from  the  north  flows  through 
sees.  2,  11,  14,  and  23,  and  on  it  a  few  outcrops  of  the  Auger  lentil 
were  seen  in  the  northern  portion  of  sec.  14  and  the  western  parts  of 
sees.  11  and  2.  The  altitude  of  this  conglomerate  above  sea  level 
was  obtained  at  only  two  places  along  this  stream.    One  of  these. 
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taken  on  an  exposure  in  the  NW.  J  NW.  J  sec.  14,  found  the  bed  at 
an  altitude  of  1,012  fet-t.  The  other  place,  in  the  NA\\  J  XE.  J  sec. 
14,  has  an  elevation  of  1,000  feet  above  sea  level.  These  outcrops 
show  n  general  rise  of  the  Auger  lentil  toward  the  north  at  a  very 
small  angle,  keeping  a  few  feet  above  stream  level  to  the  northern 
edge  of  the  quadrangle.  At  an  exposure  in  the  central  part  of  sec. 
IG  the  upper  layer  of  the  Auger  is  at  an  elevation  of  about  1,029  feet. 
On  the  nortliei"n  border  of  this  section,  near  the  middle,  it  is  at  ft 
height  of  1,043  feet.  One-half  mile  west  of  this  exposure,  at  the 
northwest  corner  of  sec.  16,  the  Grandfield  conglomerate  has  an  ele- 
vation of  about  1,025  feet,  and  about  three-eighths  mile  still  farther 
west,  on  the  section  line,  a  typical  exposure  of  the  Auger  lentil  oc- 
curs at  an  elevation  of  1,004  feet.  Near  the  south  side  of  the  NE.  J 
KE.  J  sec.  8  a  fine  outcrop  of  the  lower  clay-limestone  conglomerate 
of  the  Auger  lentil,  accompanied  by  the  "speckled  sandstone  layer," 
is  at  nn  elevation  of  1,038  feet.  These  beds  rise  slowly  toward  the 
central  part  of  sec.  4,  where  they  have  an  elevation  of  about  1,048 
feet.  A  number  of  outcrops  of  the  Auger  lentil  were  found  in  the 
NE.  i  NW.  J  sec.  S  and  the  SE.  i  SW.  i  sec.  5,  where  the  lower 
part  has  an  elevation  of  about  1,015  to  1,035  feet  and  the  upper  a 
maximum  elevation  of  about  l,04.'j  feet.  From  this  vicinity  to  the 
nortliei-n  edge  of  sees.  5  and  6  there  appears  to  be  a  slight  rise  in  the 
beds,  though  no  elevations  were  determined-  Near  the  northwest 
corner  of  the  NE.  J  sec  18,  a  few  feet  above  the  Sood  plain  of  Deep 
Red  Run,  n  good  outcrop  of  the  lower  layers  of  tlie  Auger  lentil,  un- 
derlain by  bright-red  clay  and  overlain  by  the  Orandfieid  conglom- 
erate, occurs  on  the  east  bank  of  a  small  tributary  to  Deep  Red  Bun 
at  an  elevation  of  995  feet.  One-half  mile  northeast  of  this  outcrop 
the  sandstones  of  the  Auger  lentil  show  in  the  bed  of  a  creek  at  ele- 
vations of  1,013  to  1,019  feet,  showing  a  rise  toward  the  northwest  of 
probably  18  to  20  feet  within  one-half  mile. 

Along  the  streams  over  most  of  the  area  north  of  Deep  Red  Run  in 
this  district  a  thin  bed  of  loose  or  poorly  cemented  quartz  and  quart- 
zite  gravel  is  exposed  at  many  points.  The  appearance  of  this  gravel 
suggests  that  it  is  material  derived  from  the  disintegration  of  the 
Grandfield  conglomerate,  but  at  many  other  places  the  typical  indu- 
rated bed  of  Grandfield  conglomerate  is  present. 

The  important  structural  features  to  be  noted  in  this  township  are 
(1)  the  relatively  steep  dips  of  the  Auger  lentil  toward  the  north 
over  most  of  the  territory  south  of  the  valley  of  Deep  Red  Run,  espe- 
cially in  sees.  35,  34,  33,  and  23 ;  (2)  the  very  definite  rise  of  the  beds 
northward  from  the  valley  of  Deep  Red  Run  or  adjacent  to  it;  (3) 
the  synclinal  character  of  this  valley;  (4)  the  general  decrease  in 
elevation  of  the  strata,  both  Permian  and  younger,  from  west  to  east 
across  the  township;  and  (5)  the  similarity  of  tlie  structure  of  the 
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Aoger  ooqgloinente  lentil  and  the  Grandfield  conglomerate  regard- 
ksB  of  the  fact  that  they  are  respectively  Permian  and  probably 
Qnatamary  in  age  and  are  separated  by  a  well-marked  unconformity. 

T.  4  a»  &  13  w. 

The  divide  between  the  waters  of  Bed  River  and  Deep  Bed  Bun 
erosses  T.  4  S.,  R  18  W.,  from  northwest  to  southeast.  The  town  of 
Deivol  is  located.in  the  W.  i  sec.  20.  Most  of  the  exposures  of  Permian 
beds  in  this  township  are  on  the  headwaters  of  the  creeks  emptying 
into  Deep  Bed  Bun.  Along  the  divide  is  a  broad  area  in  which  very 
few  outcrops  occur  and  of  the  structure  of  which  very  little  is  known. 

In  the  discussion  of  T.  8  S.,  B.  18  W.,  a  description  was  given  of  an 
outcrop  of  the  upper  limestone  conglomerate  bed  of  the  Auger  lentil 
at  the  south  edge  of  the  township,  near  the  southwest  comer  of  sec. 
88,  where  it  stands  at  an  elevation  of  1,062  feet.  One  mile  south- 
sontheast  of  this  exposure  the  bed  outcrops  again  near  the  center  line 
of  the  south  side  of  the  SE.  i  sec.  5,  where  it  has  an  elevation  of  1,091 
feet  above  sea  level,  showing  a  rise  of  39  feet  toward  the  south  in 
about  a  mile.  Some  poor  exposures  of  the  speckled  sandstone  layer 
and  accompanying  lower  clay-lime  conglomerate  of  the  Auger  lentil 
occur  along  a  small  stream  in  the  NW.  i  sec  8.  These  show  a  rise 
of  the  rocks  to  the  south  almost  to  the  center  of  sec.  8,  beyond  which 
lor  more  than  a  mile  toward  the  south  no  recognizable  outcrops  were 


A  low  escarpment  facing  the  northwest  crosses  sec  8  from  north- 
east to  southwest  Northwest  of  this  escarpment  are  a  number 
of  deep  breaks  and  steep  gullies  which  drain  into  a  laige  tribu- 
tary of  Deep  Bed  Bun  and  in  which  the  Auger  lentil  outcrops  at 
many  places.  These  beds  have  a  well-marked  dip  toward  the  north 
in  the  NE.  i  sec  3.  A  similar  dip  to  the  north  in  sec  4  is  suggested 
1^  poor  exposures  in  the  southern  portion  of  SE.  i  and  the  NE.  i 
NW.  i  of  that  section.  In  sees.  1,  2,  10, 11,  and  12  the  surface  has  a 
very  smooth,  even  slope  toward  the  southeast  and  no  recognizable 
Auger  strata  are  exposed,  though  it  seems  very  probable  that  this  is 
to  a  large  extent  a  dip  slope,  either  on  the  hard  sandstone  beds  of  the 
Auger  lentil  or  else  on  the  overlying  Grandfield  conglomerate.  From 
the  character  of  the  exposures  it  seems  very  probable  that  along  the 
edge  of  this  escarpment  in  the  southwestern  part  of  sec.  3  the  Auger 
lentil  lies  between  1,075  and  1,090  feet  above  sea  level. 

A  dark  irregular-bedded  curly  ripple-marked  sandstone,  1  to  4 
feet  thick,  occurs  in  a  break  on  the  south  side  of  the  stream  near  the 
center  of  the  NE.  i  sec.  11.  This  bed  is  underlain  at  places  by  a  soft 
grayish  to  red  clay-lime  conglomerate,  in  places  as  much  as  2  feet 
thick,  which  is  underlain  by  10  to  16  feet  of  bright-red  to  purplish 
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clay  containing  many  roundish  gray  limestone  concretions,  the  largest 
8  inches  in  diameter.    At  other  places  farther  west,  in  the  SW.  ^ 
sea  11,  this  sandstone  is  grayish  in  color  and  in  places  shows  smal^ 
black  specks  similar  to  those  qf  the  typical  speckled  bed  of  the  Aug^  :* 
lentil.    At  other  places  the  basal  portion  of  this  sandstone  is  ver^S 
limy,  the  lime  appearing  in  the  form  of  small  nodular  masses  whidb^^i 
being  more  resistant  to  weathering  than  the  rest  of  the  rod^  appearrr  r 
as  small  lumps  on  the  weathered  surface  of  the  sandstone.    At  stil    Ml 
other  places  this  sandstone  is  overlain  by  thin  beds  of  limy,  reddist^Hi 
sandstone,  usually  very  thin  and  platy  and  frequently  cross-beddedlHL 
In  places  at  the  top  of  these  beds  there  is  a  thin  layer  of  soft  clay 
lime  conglomerate,  resembling  in  a  general  way  the  upper  conglom 
erate  layer  of  the  Auger  lentil.    The  general  appearance  of  these  beds-Jk 
suggests  that  they  are  the  Auger  lentil,  but  greatly  changed  in 
acter  from  exposures  farther  north  and  west,  the  greatest  change  be 
ing  in  the  day-limestone  conglomerate,  which  is  more  sandy  an< 
which  here  seems  to  be  represented  by  a  calcareous  sandstone  contain 
ing  a  large  percentage  of  clay.    The  calcareous  sandstone  in  thv-^^ 
SE«  i  sec  11  stands  at  an  devation  of  1,032  feet    The  same  horizoi 
exposed  in  the  SE.  i  NE.  i  sec  15  has  an  devation  of  1,086  feet^ 
the  rocks  rise  very  sli^tly  toward  the  southeast.    If  the  upper  day 
limestone  bed  exposed  along  this  stream  belongs  to  the  Auger  con- 
glomerate lentil,  this  bed  rises  between  60  and  80  feet  fran  its  oui 
crop  in  NE.  }  sec.  15,  to  a  characteristic  outcrop  of  the  Auger  lenti 
on  a  hilltop  near  the  middle  of  sec  16,  a  distance  of  about  1^  miles 
This  correlation,  however,  is  by  no  means  certain  and  it  is  possibl^^ 
that  the  beds  exposed  along  the  creek  in  sees.  11,  14,  and  15  underli^^ 
the  Auger  conglomerate.    If  this  is  true  the  dip  between  these  out^ — 
crops  is  not  so  pronounced. 

The  Wichita  formation  outcrops  in  sees.  13  and  14  but  consists 
largely  of  red  elay  and  at  no  plaee  was  the  Auger  conglomerate  lentil 
found  in  typical  outcrop.    A  spirit-level  line  to  a  few  poor  outcrops         / 
along  the  eastern  border  of  sec.  14  suggests  that  the  beds  are  either 
horizontal  or  rise  slightly  toward  the  south.  f 

In  the  SE.  J  NW.  J  sec.  16,  the  characteristic  outcrop  of  the  clay- 
limestone  conglomerate  of  the  Auger  lentil  caps  the  top  of  the  small 
round  hill  mentioned  above  at  an  elevation  of  1,015  feet,  the  imder- 
lying  sandstone  being  present  on  the  south  slope  of  the  hill.  On  this 
hill  the  conglomerate  shows  a  pronounced  dip  to  the  southwest.  A 
mile  in  that  direction,  in  the  SAY.  ^  SE.  J  sec.  17,  a  short  distance 
northeast  of  Devol,  the  lower  clay-limestone  conglomerate  of  the 
Auger  lentil  and  accompanying  sandstone  beds  come  to  the  surface 
in  a  creek  bank  at  an  elevation  of  1,058  feet,  showing  a  dip  of  40  to  50 
feet  toward  the  southwest  in  this  distance. 
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On  the  south  line  of  sec.  20,  near  its  southeast  corner,  in  the  east 
bank  of  a  small  stream,  a  2-foot  bed  of  thin-bedded  platy  reddish 
sandstone,  characterized  by  narrow  light-colored  threadlike  limy, 
ooncretionary  raised  markings  on  the  smooth  surface  of  the  plates, 
outcrops  at  an  elevation  of  1,050  feet,  with  bright-red  clay  below. 
This  sandstone  is  like  that  in  the  outcrops  mentioned  above  as  oc- 
curring in  the  SW.  J  sec.  11,  the  N\V.  i  sec.  14,  and  the  NE.  J  sec.  15. 
At  the  last  place  it  has  an  elevation  of  about  1,039  feet  above  sea  level. 
A  sandstone  very  similar  in  appearance,  splitting  into  very  thin, 
smooth  layers  with  the  peculiar  threadlike  limestone  concretions  on 
the  surface,  has  been  seen  at  many  places  near  the  top  of  the  sand- 
stone beds  of  the  Auger  lentil.    Though  this  evidence  alone  is  not 
sufficient  to  justify  a  definite  correlation  of  these  beds,  the  character 
of  the  underlying  clay  and  other  data  suggest  that  this  sandstone 
most  probably  lies  between  the  horizons  of  the  two  clay-limestone 
conglomerates  of  the  Auger  lentil.    If  this  is  true,  neither  of  these 
conglomerates  is  present  at  this  point  nor  to  the  south,  in  sees.  28  and 
29,  nor  still  farther  south,  along  the  creek,  in  sec  32.    This  reddish 
platy  sandstone  bed,  with  concretionary  threads  of  limestone  on  the 
surface  of  the  plates,  was  also  recognized  in  a  small  exposure  near 
the  southwest  corner  of  the  NW.  J  sec.  28,  where  it  stands  at  an  ele- 
vation of  about  1,035  feet.    The  Permian  rocks  from  this  point  south 
along  the  stream  are  poorly  exposed  because  of  the  thick  covering  of 
wind-blown  sand,  and  it  is  impossible  to  trace  the  beds  from  point  to 
point  along  the  creek.    In  the  NE.  J  sec.  32,  near  the  northern  edge, 
an  exposure  of  massive  reddish  sandstone  occurs  a  few  feet  above 
creek  level.    This  sandstone  is  badly  altered  by  weathering,  showing 
a  very  uneven  surface,  filled  with  small  holes,  which  in  the  weathered 
surface  have  the  general  appearance  of  fossil  worm  holes.    The  upper 
layer  of  this  sandstone  is  usually  white  or  light-gray  in  color  and  is 
the  same  as  the  bed  exposed  in  the  creek  near  the  center  of  the  NW.  J 
sec.  35.    A  little  farther  south  there  is  exposed  near  the  top  of  the 
break  a  thin  layer  of  reddish  thin-bedded  limy  sandstone,  which  in 
places  is  dark  and  ferruginous.    This  is  underlain  by  a  purplish'  joint 
clay  about  80  feet  thick,  in  which  occur  roundish  concretions  of  burnt 
red  ferruginous  clay-limestone  having  a  very  rough  irregular  surface. 
At  the  base  of  this  clay  is  exposed  the  light-colored  to  whitish  sand- 
stone mentioned  above.    A  number  of  similar  outcrops  of  these  beds 
occur  in  the  southern  part  of  sec.  32,  along  the  streams  and  in  the 
railroad  cut  near  the  west  side  of  the  SF..  J  of  the  section.    No  ele- 
vations were  obtained  on  these  outcrops,  but  they  show  a  slight  gen- 
eral dip  toward  the  south.    In  the  SW.  J  sec.  34  the  following  section 
was  seen  in  a  large  break  on  the  east  side  of  the  stream. 
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Beclion  of  Wichita  formation  exposed  in  a  break  near  the  northioettt  comer  of 
the  BW.  I  aeo.  Si,  T.  i  B.,  R.  13  W. 

Ft.        In. 

1.  wind-blown  gaud  at  top  of  break. 

a.  SnDdBtoae,  dark,  bard.  Umy.  tblo-bedded 2-  3 

3,  ClBy,  bright  red 2-  4 


4.  Sandstone,    liglit    bliiisb    to    gray    and    white ;    very 

amootli  bedded,  thin  layers  1  to  8  iQcbes  thick 2-  3 

G.  Snnilstoae,    dark    to    bluck,    rery    soft,    bllumlnoas; 

rarely  exceeds 6 

I).  <.k>ng!omemte,  play-llmeetane,  thin,  soft,  lumpy,  very 

Irregnlnr;  grenteHt  thlcknesB 10 

7.  Clay,  bright  red.  Willi  some  purplish  bands  betweeu 
and  coutaUiing  ut  many  [ilaccs  wbldsh  splotches  a 
few  lucbes  la  diiimeter ;  at  other  places  it  bus  a  , 

large  number  of  rouniUsh  burnt  red  ferruginous 
clay -limestone  concretions  which  have  a  ma:xlmum 
thickness  of  bb  loncb  as  1  foot  and  have  a  very  ' 

rough,  irregular  aui'face.     Slost  of  the  concretions  4 

come  from  a  thin  zone  near  tlie  middle  of  the  bed..  25-30  , 

H.  Sandstone,  whitish  to  dark  red,  very  liaril.  and  lu  ^ 
plnces  api«uring  to  he  a  lean  Iron  ore  or  very  fer- 
ruginous sandstone 1 

9.  Sandstone,  very  light  blulBh,  white  lu  a  single  layer,  ' 

In  places  reddish 1-  2 

This  section  corresponds  closely  in  general  to  that  already  de- 
scribed in  the  NE,  i  sec.  32.  It  is  believed  that  the  lunipy  clay-lime  ■ 
conglomerate  (bed  15)  is  equivalent  to  the  lower  clay-lime  conglomer-  i 
afe  of  Ihe  Auyer  lentil  which  chnngfs  abruptly  in  character  toward 
the  east  and  southeast.  The  sandstone  at  the  top  of  the  section  ap- 
pears to  be  the  same  as  that  in  the  southeast  comer  of  sec.  20,  already 
described.  This  correlation  strengthens  the  assumption  that  the  out- 
crop in  sec.  20  is  a  part  of  the  Auger  lentil.  No  elevation  was 
obtained  on  this  exposure. 

In  the  road  at  the  southwest  comer  of  sec.  24  a  typical  outcrop 
of  the  Auger  lentil,  including  the  "  speckled  sandstone  layer,"  occurs 
at  an  elevation  of  about  1,081  feet.  At  this  place  the  clay-limestone 
conglomerate  of  the  Auger  appears  to  be  very  tliin  and  sandy.  The 
fragments  of  it  that  were  seen  came  firom  a  near-by  well  at  about 
the  horizon  of  the  Auger,  and  at  places  thin  slabs  were  found  oa 
the  surface.  South  of  this  exposure  no  outcrops  occur  in  sees.  25, 
26,  35,  and  36  except  one  near  the  center  of  the  NW.  }  sec.  36, 
where  a  massive,  light  gray  to  whitish  sandstone  outcrops  in  the 
bottom  of  the  small  run,  with  a  thin  layer  of  clay-limestone  con- 
glomerate above.  This  clay-limestone  conglomerate  was  also  seen 
on  the  north  side  of  the  creek  near  tlie  middle  of  the  west  line  of 
sec.  35,  but  its  elevation  above  sea  level  was  not  obtained  at  either 
point.     It  is  probable  that  it  is  not  higher  than  1,050  feet  above  sea 


8TBA.TIGBAPHY  AND  STBUCTUBE,  BY  TOWNSHIPS.  68 

leveL  These  exposures  are  tentatively  correlated  with  tiie  Auger 
lentil,  but  the  beds  change  so  much  in  character  from  west  to  east 
that  it  is  very  difficult  to  correlate  xmconnected  exposures  even  for 
short  distances. 

The  outcrops  described  and  the  elevations  given  above  show  that 
there  is  a  general  rise  in  the  Auger  lentil  for  about  a  mile  toward  the 
s90uth  from  the  northern  edge  of  T.  4  S.,  R.  13  W.,  sees.  8,  4,  5,  and  6 
and  in  portions  of  sec.  8,  and  that  the  beds  dip  to  the  south-southwest  * 
from  near  the  center  of  sec.  16;  also  that  from  sec.  16  toward  the 
northeast  there  is  a  corresponding  dip,  which  may  be  as  much  as  100 
feet,  to  the  eastern  edge  of  the  township.  Also,  that  in  the  southeast 
quarter  of  the  township  the  exposures  of  Permian  beds  are  too  few 
to  give  more  than  a  general  clue  to  the  structure.  The  fact  that  the 
Auger  lentil  is  exposed  in  the  southwest  comer  of  sec.  24  at  an  eleva- 
tion of  1,081  feet  shows  that  there  is  a  dip  in  the  beds  from  this 
point  for  at  least  2  miles  to  the  north  and  also  a  dip  of  several  feet 
at  least  from  this  point  to  the  outcrop  near  the  center  of  the  NW.  l 
sec.  35,  about  IJ  miles  to  the  southwest.  B^ween  these  points,  in  the 
W.  i  sec.  26,  all  of  sec.  27,  and  the  south  halves  of  sees.  22  and  23,  no 
exposures  occur  and  the  axis  of  the  anticline  therefore  can  not  be 
definitely  located.  Southwest  of  Devol,  in  sees.  30,  29,  31,  and  32, 
no  decisive  outcrops  occur  west  of  the  railroad,  and  it  is  impossible  to 
determine  the  structure.  In  the  southern  part  of  sec.  31,  along  the 
bluff  of  Red  River,  massive  light-gray  and  red  sandstones  are  poorly 
exposed  at  a  number  of  places,  but  these  exposures  can  not  be  cor- 
related with  exposures  in  other  portions  of  the  township  and  are 
therefore  of  little  value  in  determining  the  structure  in  this  part  of 
the  township. 

T.  5  S.,  B.  13  W. 

Red  River  enters  T.  5  S.,  R.  13  W.,  at  the  northwest  corner  of  sec. 
6  and  flows  southeastward,  leaving  it  in  sec.  25.  Most  of  the  town- 
ship is  covered  with  sand  hills,  on  which  no  exposures  of  Permian 
rocks  were  found. 

In  the  NW.  ^  see.  5,  along  the  river  bluff  northwest  of  the  railroad 
bridge  across  Red  River,  a  massive,  irregular-bedded  light-red  sand- 
stone, locally  as  mueh  as  10  feet  thick,  outcrops  a  few  feet  above  the 
river  level  and  in  places  is  underlain  by  a  purplish  to  deep  red  blocky 
clay.  This  sandstone  can  not  be  correlated  with  the  Auger  lentil 
and  is  probably  below^  that  horizon.  It  lies  practically  horizontal 
for  a  distance  of  less  than  a  mile,  in  which  it  is  here  and  there  ex- 
posed. Along  the  west  bank  of  the  small  creek  in  the  SW.  i  SW.  i  sec. 
3  a  thin-bedded,  compact,  false-bedded  sandstone,  containing  round 
black  manganese  concretions  about  an  inch  in  diameter,  is  overlain 
by  a  few  feet  of  reddish  to  purplish  clay  containing  gray  limestone 
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concretions.  This  sandatone  seems  to  be  the  same  as  the  one  «xpo8td 
at  the  top  of  the  break  in  the  SW.  i  sec  34,  T.  4  S.,  R.  13  W.  If  this 
correlation  is  correct  there  in  a  dip  of  probably  30  feet  toward  tl« 
southeast  between  these  exposures,  a  distance  of  about  a  mile. 

From  II  jioint  near  the  northwest  corner  of  sec  14  southeastward 
alonf  the  river  bhiff,  there  are  several  small  outcrops  of  a  white, 
ratlier  massive  sandstone,  which  stands  at  an  elevation  of  15  to  20 
feet  above  the  water  of  the  river.  Upon  this  sandstone  lies  purplish- 
red  clay,  20  feet  thick,  containing  peculiar  roundish  red  clay-iron- 
limestone  concretions  like  those  noted  in  the  clay  overlying  the  white 
sandstone  in  sees.  S-2  and  34,  T.  4  S.,  R.  13  W.,  and  it  is  believed  that 
this  is  the  same  horizon  that  is  exposed  there.  If  so,  there  is  a  dip  of 
probably  as  much  as  40  feet  between  these  outcrops.  Other  small  out^ 
crops  of  sandstone  extend  southeastward  through  the  SE,  ^  see.  14 
and  the  NAV.  i  sec,  24.  These  beds  are  best  exposed,  however,  in  tha 
SE.  i  sec.  24,  where  they  form  a  continuous  outcrop  a  few  feet  above 
valley  level  for  three-fourths  of  a  mile,  which  shows  the  following 
section : 

^■(■c'fiim.  .j/  l-Mfs  nufi-riipiring  (ii  ni.rlh  bluff  of  Rd  River  in  BE.  }  *c'c,  2(,  T,  S  S^ 

n.  IS  w. 

Qoatemary :  t'ae'. 

1.  Satiil,  wind  blown  lo  toil  of  bluffs 40-50 

Poniilau    (Wlcliltu   formation): 

:;.  .Sn Till i*li inc.  Ii;;l]i   hi  liarU.  hiiril.  linij-.  showing  cboppy 

3.  Clay,  bright  red  with  wblte  and  gray  Bt>ota  and  a 

great  many  peculiar  round,  rougb-surfaced  reddish 
clay-Iron-IimestoDC  concretions,  the  largest  S  IncheH 
In  diameter 12 

4.  Sandstone,  soft,  wblte  to  light  blue,  niasslve  and  at 

places  coarse  bedded 3 

5.  Sandstone,  reddlsb,  massive,  very  Irregular  bedded. 

containing  limy  concretloniiry  masses  2  to  5  feet 
long  and  1  to  4  feet  thick.  This  sandstone  contains 
also,  3  to  4  feet  from  top,  a  thin,  irr^ular  bedded 
reddish,  very  sandy  clay- Iron-limestone  conglom- 
erate similar  In  general  appearance  to  that  of  the 
Anger  conglomerate  lentil,  but  very  much  more 
sandy 14 

6.  Dajris,  concealing  rocks  to  level  of  valley 8 


The  white  sandstone  layer  beneath  the  bright-red  clay  is  in  almost 
continuous  exposure  for  more  than  half  a  mile  and  lies  practically 
horizontal  except  near  the  northwest  comer  of  the  SE.  i  sec.  24, 
where  it  shows  a  slight  dip  toward  the  northwest. 

No  other  important  outcrops  of  Permian  rocks  were  found  in  thia 
township  north  of  Red  River, 
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T.  5  &,  S.  12  W. 

Bed  River  enters  T.  5  S.,  R.  12  W.,  in  the  western  part  of  sec.  30 
and  describes  a  broad  curve  to  the  south  through  sees.  81,  32,  33,  34, 
85,  36,  25,  24,  and  13,  leaving  the  township  near  the  center  of  the 
east  side.  Most  of  the  area  is  drained  by  Slough  Creek  and  its  tribu- 
taries, which  flow  from  northwest  to  southeast  through  the  central 
part  of  the  township. 

The  finest  outcrops  of  the  Wichita  formation  in  this  township  are 
along  the  high  bluff  of  Red  River  in  sees.  30,  31,  and  32.  A  general- 
ized section  of  the  exposed  rooks  is  given  on  pages  19-21  and  a  view 
of  the  bluffs  in  Plate  V,  A  (p.  34) . 

These  outcrops  occur  in  a  series  of  deep  breaks  that  have  been 
cut  back  for  half  a  mile  or  less  from  the  river,  and  at  all  places  the 
Permian  beds  are  overlain  by  dunes  of  wind-blown  sand.  With  the 
material  now  available  it  is  not  possible  to  locate  the  horizon  of  the 
Auger  lentil  in  the  rocks  exposed  in  these  breaks  along  Red  River  in 
sees.  30  and  32.  The  clay-limestone  conglomerate  (No.  13)  of  the 
section  on  page  20  may  possibly  be  equivalent  to  the  upper  clay-lime 
conglomerate  of  the  Auger  lentil,  the  lower  layer  belonging  in  the 
massive  reddish  and  white  sandstones,  bed  15  of  that  section.  There 
is,  however,  considerable  evidence  that  the  horizon  of  the  Auger 
lentil  is  much  higher  in  this  stratigraphic  section  and  that  it  may,  in 
fact,  be  represented  by  either  beds  7  and  8,  or  5,  or  more  nearly  by 
beds  2  and  3  at  the  top  of  the  section. 

A  very  much  more  detailed  study  of  these  exposures  and  further 
correlation  of  them  toward  the  east  in  T.  5  S.,  R.  11  W.,  will  be  neces- 
sary before  the  Auger  lentil,  if  present  at  all,  in  these  exposures  can 
be  definitely  located. 

From  a  point  near  the  southwest  corner  of  the  NW.  J  sec.  32  the 
white  sandstone  layer  at  the  top  of  bed  15,  in  the  section  on  page  20 
may  be  traced  continuously  northwestward  for  three-fourths  of  a 
mile,  in  which  distance  it  shows  a  dip  of  more  than  50  feet.  Beyond 
this  point  to  the  northwest,  across  the  NW.  i  sec.  30,  higher  sandstone 
beds  show  a  decided  dip  northwestward,  which  amounts  to  probably 
as  much  as  50  feet  within  three-fourths  of  a  mile.  In  the  area  east 
of  the  southwest  corner  of  the  NW.  \  sec.  32,  to  the  eastern  edge  of 
the  breaks  near  the  south-central  portion  of  sec.  32,  the  sandstone 
beds  appear  to  lie  practically  horizontal.  Farther  east  in  this  town- 
ship no  outcrops  of  IVrmian  rocks  were  found  along  the  bluffs  of 
Red  River,  and  it  is  not  possible  to  determine  with  certainty  the  trend 
of  the  anticline  that  crosses  the  river  in  this  vicinity. 

A  numlx?r  of  small  breaks  on  the  south  side  of  the  north  fork  of 
Slough  Creek  in  the  SW.  I  sec.  10,  SE.  i  sec.  9,  and  adjacent  por- 
tions of  sees.  15  and  16  reveal  the  presence  of  about  5  feet  of  coarse 

18013**— Bull.  547—14 5 
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grayish  to  yellowish  sandstone  bearing  numerous  small  black  speckB 
and  containing  a  number  of  hard  flattish  limy  concretionary  maaseB 
from  1  to  several  feet  long  and  from  1  to  2  feet  thick.  Beneath  this 
sandstone  lie  several  feet  of  purplish  and  bright-red  clay  showing 
light-colored  splotches  and  containing  rough  reddish  clay4ime-iroii 
concretions.  Near  the  bottom  of  this  clay  is  a  thin,  irr^ular  layer 
of  yellowish  limy  sandstone  that  contains  fossil  plants  of  Permian 
age.  This  sandstone  in  places  becomes  a  rather  tiliick  bed  of  coarse 
yellowish  sandstone,  very  closely  resembling  bed  7  of  the  Bed  Biver 
section  given  on  page  19.  These  beds  appear  to  be  the  same  as 
those  exposed  in  T.  4  S.,  R.  12  W.,  along  the  south  side  of  Deefi 
Bed  Bun,  which  have  been  correlated  with  the  Auger  lentil.  From 
the  S.  i  SW.  i  sec.  10  there  is  a  local  dip  toward  the  northwest, 
amounting  to  about  15  feet  in  the  first  half  mile,  and  a  dip  of 
probably  5  feet  for  the  same  distance  toward  the  southeast.  In  the 
NE.  i  NE.  I  sec.  16  the  sandstone  mentioned  above,  at  the  top  of  the 
break,  is  exposed  at  an  elevation  of  about  990  feet  above  sea  leveL 
Three-fourths  of  a  mile  southeastward,  near  the  eastern  edge  of  the 
SW.  i  sec.  15,  on  the  south  bank  of  the  creek,  it  is  at  971  feet,  showing 
a  dip  of  19  feet  in  about  three-fourths  of  a  mile.  Between  this  point 
and  the  exposure  on  the  bluff  of  Bed  Biver  in  sees.  32  and  88  no 
outcrops  of  Permian  rocks  are  found  which  could  be  correlated  with 
either  of  these.  Two  to  three  feet  of  cross-bedded  compact  platy 
grayish  sandstone  containing  many  black  manganese  concretions,  the 
largest  an  inch  in  diameter,  was  seen  in  the  west  bluff  of  Slough 
Creek  in  the  SE.  J  SE.  i  sec.  14,  at  an  elevation  of  030  to  940  feet 
above  sea  level,  but  this  sandstone  can  not  be  correlated  definitely 
with  any  of  the  beds  of  the  Red  Kiver  section  (pp.  19-21) ,  and  there- 
fore is  of  little  value  in  determining  the  structure  in  this  part  of  the 
township.  This  Siindstone  is  underlain  by  alx>ut  15  feet  of  bright-red 
to  ash-colored  clay  containing  clay-limestone  concretions  and  light 
splotches. 

Massive  light-gray  to  reddish  sandstones  fonn  a  low  cliff  along  the 
river  bluff  in  the  SE.  i  sec.  12.  Tliese  beds  appear  to  rise  slightly 
toward  the  southwest,  and  at  places  above  them  there  are  exposed 
purplish  and  red  clays  containing  rougli  roundish  iron-clay-lime- 
Btone  concretions  similar  to  those  found  in  dilTerent  places  in  this 
township  and  already  described.  Tliese  sandstones  are  at  an  eleva- 
tion of  about  9o5  to  040  feet  above  sea  level,  but  their  correlation  with 
beds  outcropping  farther  west  is  not  certain.  They  probably  underlie 
the  horizon  of  the  Auger  lentil. 

In  the  E.  J  sec.  1  a  massive  gray  sandstone  bearmg  many  small 
black  specks  and  underlain  by  a  bright-red  clay,  several  feet  thick, 
containing  roundish  rough  clay-limestone- iron  concretions  like  those 
noted  in  other  places,  occurs  at  the  top  of  a  large  break  cm  the 
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south  side  of  the  stream.  Above  this  sandstone  is  a  darker,  moi*e 
reddish  limy  sandstone  containing  concretionary  lenses  similar  to 
those  iound  in  the  southwest  comer  of  sec.  10,  already  described. 
At  this  place  the  beds  have  a  general  dip  to  the  northwest,  the  maxi- 
mum being  about  18  feet  within  half  a  mile.  The  highest  elevation 
of  the  upper  sandstone  bed  in  these  exposures  is  near  the  center  of 
the  SW.  J  sec.  1,  where  it  is  about  990  feet  al)ove  sea  level.  It  is 
lowest  in  the  eastern  portion  of  the  NE.  J  sec.  2,  where  it  stands  at 
an  elevation  of  about  970  feet.  There  seems  no  doubt  that  these  are 
the  same  beds  that  are  exposed  in  sees.  9,  10,  15,  and  10,  and  they  are 
at  about  the  same  elevation.  No  outcrops  of  recognizably  Permian 
beds  were  found  farther  west  along  the  northern  tier  of  sections. 
A  few  small  outcrops  of  Permian  IxhIs  were  noted  on  the  road  be- 
tween sees.  17  and  18  and  at  one  place  west  of  the  NW.  J  sec.  20, 
but  no  elevations  were  obtained  on  them,  as  the  exi)osures  are  too 
poor  to  permit  close  corn»lation. 

The  outcrops  of  Permian  rocks  in  this  township  are  too  few  to 
enable  the  structure  to  be  determined  in  detail.  The  unusual  dip  in 
the  rocks  toward  the  northwest  from  near  the  center  of  the  NE.  J 
sec.  31  sugges-ts  the  ])resence  of  an  important  anticline  somewhere^ 
in  sees.  28, 29,  32,  or  33,  but  the  trend  of  this  fold  was  not  determined. 
At  first  glance  the  facts  that  the  three  sets  of  outcrops  in  sees.  1  and 
2,  9, 10, 15,  and  IG,  and  30,  31,  and  32  are  on  a  line  from  northeast  to 
southwest  and  that  each  shows  a  local  dip  to  the  northwest  suggest 
that  they  may  be  exposures  on  the  west  flank  of  the  same  fold.  On 
the  other  hand,  Udden  ^  shows  wliat  appears  to  be  the  axis  of  the 
Petrolia  anticline  trending  northwest  from  Petrolia,  in  Clay  County, 
Tex.,  and  crossing  the  river  near  the  northwest  corner  of  Clay 
County  about  at  the  southeast  corner  of  this  township,  the  fold 
having  a  general  trend  northwest-southeast.  This  trend  appears  to 
be  more  nearly  parallel  with  the  general  trend  of  the  fold  farther 
north,  in  the  area  studied  for  this  report.  The  evidence,  therefore, 
seems  fairly  evenly  divided,  and  it  is  not  possible  to  say  whether  the 
trend  is  northeast-southwest  or  northwest-southeast. 

The  facts  that  there  is  no  direct  evidence  against  a  general  north- 
west-southeast trend  of  this  anticline,  and  that  this  is  more  nearly 
the  direction  of  tlie  large  anticlines  of  this  district,  seem  to  favor 
somewhat  tlie  MijiTiTt'stion  of  a  northwest-southeast  trend.  If  this  is 
an  extension  of  (he  Petrolia  anticline,  which  seems  barely  possible, 
it  probably  enters  the  township  from  the  south  near  its  middle,  with 
a  local  trend  more  nearly  north -northwest.  No  reliance,  however, 
should  be  put  on  these  suggestions  until  more  evidence  is  available  in 
regard  to  the  dip  of  the  beds  in  the  area  south  of  Slough  Creek  and 

1  T'dilon,  J.  A.,  nnd  Pliillips,  T).  McX.,  A  rt'connnlssanco  report  on  the  geology  of  the  oU 
and  gatt  lields  of  Wichita  and  Clay  counties,  Tex. :  Univ.  Texas  BuU.  246.  PI.  1.  1012. 
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northeast  of  the  exposures  along  the  bluffs  of  Bed  Biver,  in 
80  and  82.  This  area  is  covered  by  wind-blown  sand,  and  the  stme- 
ture  of  the  underlying  Peimian  beds  can  be  determined  only  by  test 
wells.  Perhaps  detailed  geologic  work  on  the  south  side  of  Bed 
Biver  in  Texas  may  throw  some  light  on  this  problem.  The  relatively 
rapid  rise  in  the  rocks  along  the  bluff  toward  the  southeast,  in  seoa. 
80  and  82,  and  the  horizontal  position  of  these  beds  in  the  eastern 
part  of  the  SW.  }  sec  82  suggest  that  the  axis  of  the  anticline  is 
not  far  to  the  east  or  north  of  the  center  of  sec.  82.  The  beds  expoeed 
in  sees.  9, 10, 16,  and  16  appear  to  be  equivalent  to  beds  that  are  at  a 
much  higher  elevation  in  the  exposures  in  sees.  30  and  82. 

T.  4  s.,  S.  12  w. 

The  divide  between  the  waters  of  Deep  Bed  Bun  and  those  of  Bed 
Biver  passes  through  the  southern  portion  of  T.  4  S.,  B.  12  W.,  in  an 
east-west  direction.  Deep  Bed  Bun  enters  the  township  near  its 
northwest  comer,  in  sea  5,  and  flows  in  an  easterly  direction,  leaving 
it  near  the  southern  border  of  sec  12.  The  town  of  Bandlett  is  in 
the  S.  i  seca  28  and  29.  South  and  west  of  this  town,  in  sees.  29,  80, 
81,  82,  88,  and  84,  no  outcrops  of  Permian  beds  were  seen  that  oould 
be  definitely  correlated  with  other  exposures  in  this  township. 

A  good  outcrop  of  the  ^  white  speckled  sandstone  layer "  of  the 
Auger  lentil  occurs  on  a  small  stream  in  the  N.  i  sec  35  and  the 
N.  i  sec  36.  It  is  overlain  by  a  sandstone  containing  dark  day- 
Imie-sandstone  concretionary  lenses  very  similar  to  those  found  in 
T.  5  S.,  B.  12  W.,  and  described  above.  At  one  or  two  places  a  thin, 
soft  layer  of  clay-limestone  conglomerate  was  noted  above  these 
sandstone  layers.  The  "  speckled  sandstone  layer  "  lies  at  an  eleva- 
tion of  about  980  feet  at  the  middle  line  between  sees.  35  and  36 
and  of  about  990  feet  in  the  north-central  part  of  sec.  35,  and  thus 
shows  a  dip  of  10  or  15  feet  toward  the  southeast  within  half  a  mile. 
The  same  beds  are  exposed  in  the  XW.  J  sec.  2G,  at  the  head  of  a 
"  break  "  on  a  tributary  to  Deep  Red  Run,  where  the  "  speckled  sand- 
stone "  has  an  elevation  of  about  1,005  to  1,018  feet  above  sea  level. 
The  Permian  beds  outcrop  at  many  places  in  a  large  area  in  sees. 
22,  23,  and  24  and  in  the  northern  part  of  sees.  25,  20,  27,  and  28, 
which  is  covered  by  breaks,  but  at  few  places  could  they  be  correlated 
and  no  elevations  were  obtained  on  them.  In  the  NE.  ^  sec.  24 
there  is  a  tall  butte,  bordered  on  the  east,  west,  and  north  by  deep 
"breaks."  This  butte  is  capped  by  a  thin  layer  of  dark,  limy  sand- 
stone, containing  darker  lenses  of  a  very  calcareous  clay  limestone 
and  underlain  by  a  soft  light-gray  sandstone  showing  many  dark 
specks,  which  in  turn  is  underlain  by  bright-red  clay  containing 
the  characteristic  roundish  rough-surfaced  clay-iron-limestone  con- 
cretions seen  at  manv  places.    This  is  believed  to  be  the  Auger  lentil, 
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lower  clay-lime  conglomerate  being  represented  by  the  dark  limy 
Lcretionary  masses  in  the  limy  sandstone  at  the  top  of  the  breaks. 
this  place  the  daric  sandstone  layer  shows  an  elevation  of  from 
t7  to  about  1,019  feet  above  sea  level,  its  dip  being  toward  the 
from  the  center  ,of  the  NE.  J  sec.  24,  and  slightly  toward  the 
lath  from  this  point  to  the  southeast  corner  of  this  quarter  section. 
L6  same  beds  outcrop  about  a  mile  farther  north  on  a  small  butte 
the  SW.  i  NE.  J  sec.  13,  where  they  are  at  an  elevation  of  about 
feet,  showing  a  dip  to  the  north  in  1  mile  of  approximately  55 
A  detailed  description  of  this  outcrop  in  sec.  13  is  given  on 
25-26. 
In  the  NW.  i  sec.  21  and  adjacent  portions  of  this  section  the  sand- 
stone beds  of  the  Auger  lentil  and  some  clay-limestone  conglcmierate 
are  exposed  near  the  top  of  a  break,  the  bright- red  clay  lying  below. 
^  These  beds  are  highest  at  the  southernmost  outcrop,  where  they  have 
&  an  elevation  of  1,047  feet.    The  dip  toward  the  north  is  very  uniform 
^^  to  a  point  on  the  east  side  of  a  small  tributary  of  Deep  Red  Run  in 
f  'the  SW.  i  SW.  i  sec.  9,  where  the  dark  limy  bed  is  at    n  elevation 
^   of  978  feet  above  sea  level,  showing  a  dip  of  almost  6.    feet  in  a 
^    little  less  than  2  miles.    From  the  south  end  of  this  brc  k  in  the 
;*  ISW.  I  sec.  21  the  dip  toward  the  northeast  is  indicated  by  t  :posures 
-.   in  the  SE.  J  sec.  16,  the  W.  i  sec.  15,  and  the  S.  i  sec.  10,  and  is  about 
80  feet  to  the  mile.    The  dark  limy  layer  at  the  top  of  what  appears 
to  be  the  Auger  lentil  in  this  township  is  poorly  exposed  in  the 
NE.  i  sec.  28  and  the  NW.  J  sec.  27,  at  the  head  of  the  breaks  on  a 
large  tributary  of  Deep  Red  Run,  and  also  in  the  eastern  part  of  the 
town  of  Randlett.    No  elevations  were  obtained  on  these  outcrops, 
but  their  general  position  with  reference  to  the  divide  indicates  that 
they  stand  at  altitudes  between  1,000  and  1,030  feet  above  sea  level. 

A  few  poor  exposures  of  the  dark  limy  bed  at  the  top  of  the  Auger 
lentil  and  the  "  speckled  sandstone  layer  "  below  it  were  noted  on  the 
road  between  sees.  19  and  20  and  17  and  20  and  also  at  one  or  two 
places  in  sec.  18,  on  the  west  side  of  the  creek.  No  spirit-level  lines 
were  run  to  any  of  these  exposures,  and  the  structure  of  the  beds  in 
this  part  of  the  township  is  not  known  except  that  there  appears  to 
be  a  general  dip  toward  the  north  from  near  the  southern  portion  of 
sec.  19. 

In  a  break  near  the  northeast  comer  of  the  SE.  J  sec.  7  what  ap- 
pears to  be  the  upper  clay-lime  conglomerate  of  the  Auger  lentil  out- 
crops at  an  elevation  of  984  feet  above  sea  level.  This  bed  is  also 
exposed  near  the  middle  of  the  north  line  of  the  NE.  i  sec.  7,  at  an 
elevation  of  987  feet,  and  also  near  the  southeast  comer  of  the  NW.  i 
sec.  6,  at  which  place  no  elevation  was  obtained. 

No  outcrops  of  the  Auger  lentil  or  other  Permian  sandstones  were 
found  on  the  north  side  of  Deep  Red  Run  in  this  township. 
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In  the  NW.  i  sec  2,  on  both  sides  of  the  small  tributazy  to  Deep 
Bed  Kun  from  the  north,  there  are  a  nmnber  of  fine  expoeares  of  a 
quartz  conglomerate  which  in  character  and  general  appearmnoe 
closely  resembles  the  Grandfield  conglomerate.  It  here  overlioB  a 
bright-red  clay,  which  in  places  shows  a  purplish  to  ashen  band,  conr 
tains  roundish  gray  clay-limestone  concretions,  and  is  similar  to  the 
clay  underlying  the  Auger  lentil  at  a  number  of  places  farther  wesL 
This  quartz  conglcmierate  is  exposed  for  almost  Half  a  mile  al<Mig  both 
sides  of  this  stream  and  shows  a  slight  dip  toward  the  soatlL  It  is 
here  only  a  few  feet  above  the  alluvial  plain  of  Deep  Bed  Bun  and 
18  at  an  elevation  of  between  950  and  960  feet  above  sea  leveL  Very' 
similar  exposures  of  this  conglomerate  were  seen  along  the  tributaty 
of  Deep  Bed  Bun  next  to  the  east,  in  the  western  part  of  the  NW.  } 
sec.  1.  It  was  also  seen  a  few  feet  above  vallqr  level  in  the  norCfa* 
eastern  portion  of  the  NE.  i  sec  9. 

It  will  be  noted  from  the  elevations  given  cm  the  upper  portion  of 
the  Auger  lentil  of  this  township  that  there  is  a  general  and  tairly 
uniform  dip  of  the  beds  toward  the  north  from  near  the  divide  be- 
tween the  waters  of  Deep  Bed  Bun  and  of  Bed  Biver,  which  traverses 
the  township  from  east  to  west  through  the  second  tier  of  sectioDS 
from  the  southern  border,  and  that  there  is  some  evidence  of  a  cor- 
responding dip  from  this  divide  toward  the  south,  so  far  as  indicated 
by  the  poot*  exposures  in  the  southern  portion  of  the  township.  On 
the  north  side  of  Deep  Bed  Bun  there  are  no  exposures  to  indicate 
the  character  of  the  dip  of  the  Permian  beds,  but  farther  north  there 
is  a  slight  dip  to  the  south,  and  it  is  believed  that  the  valley  of  Deep 
Bed  Bun  in  a  general  way  lies  near  the  axis  of  a  broad,  shallow 
syncline  trending  from  north-northwest  to  east -southeast. 

T.  3  S.,  B.  12  W. 

Deep  Bed  Bun  and  its  tributaries  drain  the  southwestern  half 
of  T.  3  S.,  B.  12  W.  Streams  in  the  northeastern  part  of  the  town- 
ship flow  into  West  Cache  Creek,  which  crosses  its  northeast  comer 
in  sees.  1,  2,  12,  and  13.  The  Permian  rocks  in  the  central  part  of 
the  township  and  the  interstream  areas  are  covered  with  a  thick 
mantle  of  soil,  which  is  seemingly  composed  largely  of  wind-blown 
material.  The  outcrops  of  Permian  beds  in  this  township  are  con- 
fined to  a  few  small  exposures  of  red  clay  and  grayish  sandstone  beds 
and,  rarely,  thin  layers  of  clay-limestone  conglomerate.  The5?e  ex- 
posures were  too  few  to  justify  the  running  of  spirit-level  lines  to 
them.  A  fairly  typical  outcrop  of  the  clay-limestone  conglomerate 
and  the  accompanying  gray  sandstones  of  the  Auger  lentil  was  found 
in  the  low  break  in  the  northern  portion  of  the  SW.  i  sec.  8,  where 

the  lower  portion  of  the  clay-lime  conglomerate  is  underlain  by  a 
bright-red    clay    containing   roundish    gray    limestone    concretions 
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^rpical  of  the  clay  underlying  the  Auger  lentil  in  the  type  locality. 
A  i>oor  exposure  of  what  appears  to  be  the  same  bed  was  seen  on 
the  west  side  of  the  creek  in  the  SE.  J  NE.  i  sec.  17.  No  other  out- 
crops of  the  Auger  lentil  were  found  along  either  bank  of  the  large 
tributary  to  Deep  Red  Run  that  flows  through  sees.  G,  8,  16,  17,  21, 
28,  and  83.  Two  layers  of  soft  white  sandstone,  2  or  3  feet  in  thick- 
ness, occur  in  the  NE.  J  NE.  J  sec.  26,  and  what  appears  to  be  a  thin 
clay-limestone  conglwnerate  was  found  on  the  northern  border  of  this 
quarter  section.  No  other  recognizable  outcrops  of  Permian  rocks 
were  seen  in  this  township,  but  just  over  its  eastern  edge,  adjacent 
to  the  SE.  1  sec  13,  at  Rocky  Ford  crossing  of  Cache  Creek,  the 
clay-limestone  conglomerate  and  "  speckled  sandstone  laj^er  "  of  the 
Auger  lentil  are  typically  exposed,  together  with  the  dark  limy  layer 
containing  flattish  dark  hard  concretionary  masses,  such  as  were 
Eeen  in  T.  4  S.,  R.  12  W.  Here  the  lower  clay-limestone  conglomerate 
is  at  or  near  water  level  of  Cache  Creek. 

Near  Fairview  schoolhouse,  in  the  southeast  corner  of  sec.  5,  a 
number  of  bowlders  of  clay-limestone  conglomerate  were  seen  on  the 
surface  by  the  roadside,  but  it  is  possible  that  these  have  been  hauled 
to  this  point.  Thin  layers  of  quartz  gravel  also  were  seen  at  a  few 
places,  but  no  characteristic  exposures  of  the  Grandfield  conglomerate 
were  found. 

From  the  data  cited  above  it  is  evident  that  the  structure  of  the 
Permian  beds  in  this  township  can  not  be  definitely  shown.  The 
position  of  the  outcrops  of  the  Auger  lentil  suggests  that  there  is  a 
gentle  rise  of  the  rocks  toward  the  north  from  the  valley  of  Deep 
Red  Run  and  also  that  the  beds  dip  slightly  toward  the  east,  but  at 
a  very  low  angle.  A  long,  broad  ridge  extends  northwestward  from 
near  the  center  of  sec.  20,  passing  diagonally  through  sees.  22,  10, 
9,  and  5.  The  character  of  the  slopes  to  the  east  from  the  top  of  this 
ridge  and  to  the  south  from  the  northern  borders  of  sees.  20,  27,  and 
28  suggests  that  they  may  represent  a  general  dip  slope  similar  to  that 
seen  at  a  number  of  places  in  the  townships  farther  south  and  south- 
west, but  there  is  no  direct  evidence  of  this  surface  slope  being  even 
roughly  parallel  with  the  dip  of  the  rocks. 

T.  4  S..  B.  11  W. 

Deep  Red  \lun  empties  into  West  Cache  Creek  in  the  noi-thwost 
corner  of  sec.  17,  T.  4  S.,  R.  11  W.  The  latter  stream  flows  a  litllo 
south  of  east  and  near  the  center  of  sec.  13  empties  into  Cache  Croek. 
which  flows  southeastward  into  Red  River.  Xo  geologic  work  was 
done  north  of  the  valley  of  Deep  Red  Run  and  Cache  Creek  in  this 
township.  Along  the  south  side  of  this  valley  are  many  large  breaks 
in  which  occur  numerous  outcrops  of  the  Wichita  formation,  includ- 
ing the  Auger  conglomerate  lentil.     An  exposure  of  the  Auger  lentil 
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in  the  NE.  i  sec.  24,  T.  24  S.,  B.  12  W.,  at  an  elevation  of  1,047  feet 
above  sea  level,  has  already  been  described.  From  this  point  north- 
eastward across  the  NW.  i  sec.  19  there  is  a  decided  dip  in  the  beds 
to  a  point  where  the  Auger  lentil  is  again  exposed  in  some  low  buttes 
in  the  S.  ^  SE.  i  sec  18,  where  it  is  less  than  1,000  feet  above  sea  level. 
No  elevations  were  obtained  on  the  key  horizon  in  this  part  of  the 
township,  but  there  appears  to  be  a  slight  dip  in  the  beds  in  the 
southeast  comer  of  sec.  18,  which  extends  eastward  for  about  1^ 
miles.  The  steepest  dip,  however,  is  from  north  to  south.  The  sand- 
stone and  day-lime  conglomerate  beds  of  the  Auger  lentil  which 
outcrop  along  the  southern  edge  of  the  breaks  in  the  northern  por- 
tions of  sees.  30,  29,  and  28  dip  toward  the  north  at  a  rate  that  brings 
them  only  a  few  feet  above  valley  level  on  the  points  of  the  hills  ad- 
jacent to  Deep  Bed  Run.  This  dip  is  well  shown  by  outcrops  in  the 
W.  ^  sec.  22,  where,  within  half  a  mile,  it  amounts  to  probably  as 
much  as  25  or  80  feet.  In  the  SW.  }  NW.  i  sec.  22  the  lower  con* 
glomerate  layer  of  the  Auger  lentil  and  the  acccHnpanying  ^  speckled 
sandstone  layer,''  together  with  the  soft  bluish-white  cross-bedded 
sandstone  beds  overlying  them,  are  typically  exposed,  and  beneath 
the  sandstones  is  the  bright-red  day,  15  to  20  feet  thick,  containing 
the  characteristic  roundish  gray  clay-limestone  concretions  so  fre- 
quently seen  in  it.  From  this  point  these  beds  may  be  traced  with 
ease  along  the  breaks  southeastward  through  sees.  26,  35,  and  36  to 
the  southeast  comer  of  the  township.  Throughout  this  distance  they 
appear  to  be  practically  horizontal,  and  it  seems  probable  that  this 
is  roughly  the  direction  of  strike  of  the  beds  which  dip  toward  the 
northeast  from  the  point  where  they  outcrop  in  the  breaks  adjacent 
to  the  Red  River  in  sees.  32,  33,  and  34.  A  typical  section  of  the 
rocks  exposed  in  this  area  is  given  on  page  21.  At  the  head  of  the 
large  break  near  the  center  of  the  NE.  J  sec.  32  a  massive  gray  sand- 
stone bed,  beautifully  exposed,  shows  a  decided  dip  toward  the  north 
and  northwest.  The  outcrop  in  this  instance  may  be  traced  across  the 
southwest  comer  of  the  NW.  i,  the  northern  portion  of  the  SW.  i, 
and  in  the  SE.  i  sec.  33.  In  this  distance  it  shows  a  general  rise  toward 
the  east,  but  the  amount  and  exact  direction  of  this  dip  was  not  de- 
termined. The  very  irregular  bedding  and  changeable  character  of 
the  sandstones  outcropping  in  these  breaks  make  it  very  difficult  to 
determine  accurately  the  direction  and  amount  of  the  general  dip  by 
taking  angles  on  the  beds  themselves.  This  dip  can  be  accurately 
measured  only  by  running  spirit-level  lines  to  the  various  outcrops 
and  getting  their  elevation  above  sea  level.  Unfortunately,  this  work 
could  not  be  extended  over  this  area  in  the  time  available  for  field 
work. 

At  the  time  field  work  was  done  for  this  report  a  test  well  for  oil 
and  gas  had  been  started  near  the  southeast  corner  of  sec.  30.    This 
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well  is  reported  to  have  reached  a  depth  between  400  and  500  feet, 
after  which  drilling  was  suspended.  The  altitude  of  the  ground  at 
the  mouth  of  this  well  is  about  1,001  feet  above  sea  level.  No  detailed 
record  of  it  was  obtained. 

From  the  exposures  in  the  southern  part  of  this  township  it  is 
not  possible  to  locate  closely  the  axis  of  the  anticline  that  enters  it 
from  the  west  in  some  portion  of  sec.  30.  It  seems  probable  that 
the  broad,  relatively  flat  divide  that  trends  almost  northwest-south- 
east across  sees.  30,  29,  32,  and  33  may  mark  approximately  the  axis 
of  this  fold.  From  the  edge  of  the  breaks  in  the  northern  parts  of 
sees.  28j  29,  and  30  there  is  a  fairly  steep  dip  to  the  north,  and  it 
appears  that  the  beds  exposed  along  the  northern  edge  of  the  breaks 
in  sees.  32  and  33  are  at  a  higher  elevation  than  the  same  beds  where 
they  are  exposed  in  sees.  29  and  36.  It  therefo.  .^,  seems  probable 
that  the  well  located  in  the  southeast  comer  of  sjc.  30  is  a  short 
distance  south  of  the  axis  of  this  fold. 

T.  5S.,  B.  11  W. 

Only  a  part  of  sees.  1  to  7,  12,  and  18  lie  north  of  Red  River  in 
T.  5  S.,  R.  11  W.  Exposures  of  Permian  rocks  occur  in  the  river 
bluff  almost  across  the  township,  but  these  beds  have  been  studied 
only  in  parts  of  sees.  4,  5,  6,  and  7.  On  the  south  side  of  the  creek, 
in  the  SW.  i  SW.  sec  6,  these  massive  sandstone  beds,  which  are 
believed  to  lie  considerably  below  the  horizon  of  the  Auger  conglom- 
erate lentil,  outcrop  at  an  elevation  of  about  935  feet,  or  about  31 
feet  above  the  water  of  the  river.  These  beds  seem  to  show  a  slight 
dip  toward  the  east  along  the  river  bluff  in  sees.  7  and  6  and  the 
western  part  of  sec.  5,  and  from  that  point  to  the  mouth  of  a  small 
tributary  near  the  center  of  the  north  line  of  sec.  4,  from  which  they 
seem  to  rise  slightly.  The  structure  was  not  studied  along  the  river 
bluffs  farther  east.  At  this  point  the  top  of  a  "  speckled  sandstone 
layer  ■'  overlying  a  reddish  clay-limestone  conglomerate  that  con- 
tains many  yellowish  clay  pebbles  (beds  9  and  10,  p.  22)  is  at 
an  elevation  of  between  955  and  965  feet  above  sea  level.  There 
is  some  question  as  to  the  correlation  of  the  Auger  lentil  in  these 
exposures,  and  it  seems  possible  that  the  dark  limy  sandstone  con- 
taining flattish  dark  to  black  concretionary  masses  which  outcrops 
at  the  very  top  of  the  breaks  at  elevations  between  1,015  and  1,030 
feet  above  noa  level  may  be  equivalent  to  the  Auger  conglomerate. 
Work  in  tliis  portion  of  the  township  was  done  at  the  very  close  of 
the  season,  and  sufficient  time  was  not  available  to  permit  a  more 
careful  study  of  the  outcrops  of  these  sandstones  with  a  view  of 
correlating  them  with  those  exposed  adjacent  to  the  Auger  con- 
glomerate on  the  south  side  of  the  valley  of  Deep  Red  Run.  This 
line  of  outcrops  is  important  structurally,  because  it  shows  that  no 
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definite  antidine  crosses  the  river  at  this  point,  althon^  one  is  mg-^ 
gested  by  the  trend  of  the  structural  ^  high  ^  across  the  middle  por- 
td<m  of  T.  4  a,  R  12  W.    It  therefore  indicates  that  the  axis  of  Ob 
^  high  "  may  lie  just  north  of  the  breaks  in  the  southern  part  of 
T-  4  &,  E.  11 W. 

SUOOESTTONS  TO  PROSPECTORS. 

Shortly  after  the  field  work  was  completed  for  this  r^>ort  a  prae 
bulletin  was  issued,  which  described  the  favorable  places  lor  tttt 
wells  as  follows: 

In  his  prtiimlnary  statement  to  tbe  Sarvey  of  the  main  resnlti  of  tiie  esaml- 
natlon,  Mr.  Munn  reports  that  an  anticline  appears  to  cross  Red  RItst  la  «r 
near  the  SW.  i8ec82,T.  6EL,R.12W.  The  dip  within  li  miles  alona  fB^ 
western  limb  of  this  fold  is  probably  between  60  and  76  fMt»  the  '*^**— **»^  «C 
the  rocks  exposed  rendering  an  exact  measorement  impossible.  Hie  trend  of 
this  fold  is  uncertain,  bat  it  may  be  stated  that  almost  any  portioa  of  .aee.  A 
T.  6  GL,  R.  12  Wn  appears  favorable,  structurally,  for  oU  and  gas.  The  nortt- 
west  quarter  of  the  section  seems  most  favorable.  If  an  oil  and  gas  pool  ts 
present  in  this  vicinity  it  very  probably  extends  to  adjacent  portkMis  of  aaea 
8S,  28,  2d,  and  8L 

In  T.  4  S.,  R.  12  W.,  some  good  exposures  of  Permian  sandstoiie  and  ciay- 
lime  conglomerate  suggest  strongly  that  a  structural  ^hlgh**  exlats  a  Aort 
distance  north  of  the  town  of  Randlett  It  is  not  possible  at  this  time  to  oll^ 
line  definitely  this  anticline  or  structural  dome,  but  it  seems  llkdy  tiiat  the 
crest  is  situated  somewhere  in  the  SW.  i  of  sec.  21,  the  SB.  i  of  sec  20^  the 
NB.  i  of  sec.  20,  or  the  XW.  i  of  sec.  28,  T.  4  a,  R.  12  W.  The  ''high*'  may 
be  a  dome  of  small  extent,  or  it  may  be  a  part  of  a  fairly  definite  anticline 
trending  eastward,  leaving  tbe  township  in  either  sec.  24  or  25.  There  may  be 
a  secondary  structural  dome  in  sec.  24,  T.  4  S.,  R.  12  W.,  because  the  beds  dip 
about  50  feet  from  the  top  of  tbe  large  butte  in  tbe  northeast  quarter  of  this 
section  to  a  small  butte  about  a  mile  north  of  it.  in  sec.  13,  and  also  at  about 
the  same  rate  toward  the  northeast.  The  structure  of  tbe  rocks  south  of  the 
large  butte  for  almost  2  miles  can  not  be  determined.  In  the  NW.  I  sec.  26 
tbe  beds  are  several  feet  lower.  Tbe  trend  of  this  anticline  is  probably  S.  60° 
or  CO**  IZ.  Tbe  position  of  this  fold  was  not  determined  in  T.  4  S.,  R.  11  W. 
It  seems  most  likely  to  pass  across  some  i>ortlon  of  sec.  32  and  33,  but  it  Is 
probably  becoming  lower  and  flatter  toward  the  southeast.  Tbe  shallow  test 
well  drilled  in  tbe  southeast  corner  of  sec.  30  probably  lies  half  a  mile  south 
of  tbe  axis  of  this  fold.  Tbis  lot-ation  seems  on  tbe  whole  favorable  for  test- 
ing, but  a  still  better  one  would  be  about  li  miles  northwest  of  it,  as  the  rocks 
there  are  probably  30  feet  blgber  structurally.  If  a  test  well  is  sunk  near 
Randlett  it  should  be  Ux'ated  near  tbe  center  of  either  sec.  21  or  27,  T.  4  S., 
R.  12  W. 

In  T.  4  S.,  R.  13  W.,  tbe  strata  at  tbe  southwest  corner  of  sec.  24  seems  to  be 
between  40  and  50  f<»et  higher  than  they  are  in  sees.  S.'*  and  11.  Other  available 
data  suggest  that  tbe  high,  long  bill  in  sees.  22,  2.'^.  24,  25,  20,  and  27,  T.  4  S., 
R.  13  W.,  is  in  part  structural  and  therefore  souiewbat  more  favorable  for  oil 
and  gas  than  jx^rtlons  of  tbe  adjacent  territory.  There  secMus  to  be  little  pref- 
erence in  a  hK-ation  for  a  test  here.  Prob.ibly  as  good  a  place  as  any  would  be 
in  tbe  NE.  i  sec.  2G. 
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In  a  general  way  the  northwestern  part  of  T.  4  S.,  R.  13  W.,  would  appear 
worth  a  trial  for  oil  or  gas  if  pools  are  found  in*  other  areas.  Sees.  8,  9,  16, 
and  17  are  probably  somewhat  more  promising  than  the  adjacent  one&  A  small 
round  hill  in  the  NW.  i  sec.  10  is  capped  by  a  thick  clay-limestone  conglomerate 
that  is  probably  40  feet  higher  at  this  place  than  at  the  northern  edge  of 
Devol,  a  mile  to  the  southwest.  It  is  also  about  20  feet  higher  than  at  an 
exposure  near  the  northeast  comer  of  sec.  8,  but  its  altitude  at  inter\*ening 
points  is  not  known.  This  clay-limestone  conglomerate  bed  dips  about  15  feet 
in  the  first  li  miles  to  the  north  from  the  northwest  comer  of  sec.  8,  and 
from  that  point  dips  about  55  feet  more  in  the  next  1^  miles  northward  to  the 
dry  hole  in  the  NW.  i  sec.  28,  T.  3  S.,  R.  13  W.  It  seems  very  probable  that  if 
this  well  had  been  located  a  mile  farther  southeast  it  would  have  been  on  the 
axis  of  the  auticline  that  plunges  steeply  toward  the  north.  So  far  as  struc- 
ture is  concerned  the  location  of  this  dry  hole  is  very  unfavorable,  and  it 
should  not  be  considered  a  fair  test  for  this  vicinity.  In  tsict,  it  is  thought  that 
test  wells  located  in  the  SW.  i  sec.  33  or  on  or  near  the  high  hill  in  the  south- 
west comer  of  sec.  35,  T.  3  S.,  R.  13  W-,  or  in  the  NE.  i  sec.  8  or  the  NW.  i 
sec  9,  T.  4  S.,  R.  13  W.,  will  perhaps  have  as  good  chance  of  developing  oil  or 
gas  as  any  part  of  this  territory. 

North  of  Deep  Red  Run  rock  exposures  are  meager.  If  a  test  well  is  con- 
templated in  T.  3  S.,  R.  13  W.,  north  of  Deep  Red  Run  it  might  as  a  venture 
be  placed  in  the  N.  ^  sec.  9  or  adjacent  territory  to  the  northeast. 

In  Tps.  3  and  4  S.,  R.  14  W.,  the  principal  stractural  feature  is  a  "high  " 
vaguely  outlined  by  exposures  on  Big  Blue  and  Little  Blue  creeks  and  on 
streams  flowing  north  into  Deep  Red  Run.  Spirit-level  lines  to  these  outcrops 
show  that  from  the  divide  between  Red  River  and  Deep  Red  Run  the  rocks 
dip  rather  uniformly  but  at  a  low  angle  to  both  of  these  streams.  The  exact 
position  and  character  of  this  structural  feature  is  not  fully  determined.  It  is 
probably  a  broad,  low,  irregular  fold  with  a  somewhat  sinuous  east-west  trend 
and  may  be  a  continuation  of  the  **  high  *'  in  the  northwest  part  of  T.  4  S.,  R.  13. 
It  seems  to  continue  westward  through  portions  of  T.  4  S..  R.  15  W.  A  test 
well  in  the  area  east  of  Grandfield  should  be  located  either  in  the  north  tier 
of  sections  of  T.  4  S.,  R.  14  W.,  or  in  the  southem  tier  of  T.  3  S.,  R.  14  W. 
Probably  the  central  part  of  sec.  1,  T.  4  S.,  R.  14  W.,  should  receive  slight 
preference. 

When  the  field  work  was  being  done  a  derrick  had  been  built  in  the  south- 
west comer  of  sec.  9,  T.  4  S.,  R.  14  W.,  about  a  mile  south  of  the  station  at 
Grandfield.  This  seems  to  be  a  rather  favorable  location  for  a  wildcat  test, 
though  the  available  data  are  too  meager  to  support  a  more  definite  statement. 

In  T.  3  S..  R.  14,  north  of  Deep  Red  Run,  the  rocks  rise  very  gently,  but  the 
exposures  are  so  rare  as  to  furnish  no  evidence  of  decided  folds  if  they  exist. 

There  is  some  j?ood  evidence  that  a  small  anticline  crosses  Big  Blue  Creek  in 
the  SE.  1  sec.  20,  T.  4  S.,  R.  14  W.,  less  than  a  mile  above  Its  mouth.  The 
axis  of  this  fold  seems  to  trend  almost  east-wes!.  A  test  in  this  vicinity  should 
be  located  near  the  east-west  line  through  the  middle  of  sees.  26,  27,  28.  and  29. 

In  T.  4  S.,  U.  15  W.,  tlie  beds  appear  to  rise  at  a  very  small  angle  from  the 
east,  south.  an<l  north  to  a  broad  level  area  in  sees.  7,  8,  0,  10,  11,  14,  15,  and 
IC,  in  which  very  few  exiM)sures  occur. 

The  structure  of  T.  3  S.,  R.  15  W.,  also  is  not  definite.  The  most  prominent 
feature  is  a  pentle  rise  of  the  rocks  toward  the  west  and  southwest,  across  the 
township. 

A  dry  hole  located  in  the  NE.  i  sec.  9,  less  than  a  mile  north  of  the  station 
at  Loveland,  seems  to  be  near  the  middle  of  a  very  broad,  flat  syncline  in  which 
the  rocks  are  practically  level. 
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WoA  was  done  In  the  eastern  parte  only  of  Tpa.  3>  4,  and  5  CU  B.  16  W.  V^m 
ezpoeoree  are  preeent  in  this  territory  and  bat  little  geologic  InftNmatloii  la 
ayallable  regarding  the  atmctnre.  The  character  of  the  topography 
a  general  dip  toward  the  west  ftom  east  of  the  middle  of  T.  4,  bat  this 
taken  alone  Is  of  very  little  valoe. 

According  to  the  present  Incomplete  data.  It  is  saggested  that  the  first  wtils 
in  Tps.  3,  4,  and  5  S.,  B&  15  and  16  W^  shoald  be  located  In  some  parts  of  tiw 
high,  smooth  prairie  coantiy  sooth  of  the  **  breaks  **  in  T.  4  8.,  B.  15  W.  Alao^ 
It  is  saggested  that  any  prodacer  who  may  l>e  Inclined  to  wildcat  In  the  Qoanah 
district  shoald  locate  on  the  old  town  site  of  Qaanah  or  In  the  W.  i  see.  81« 
T.  8  &,  R.  15  W. 

In  offering  these  snggestlons  for  the  ase  of  drillers  In  choosing  locatlooa  for 
test  wens  ("wildcatting"),  the  geologists  are  assaming  that  the  fJormatlona 
containing  the  oU-bearing  sands  In  the  Electra,  Barkbamett,  and  FetroUa  fltfds 
of  northern  Texas  nnderlle  adjacent  portions  of  Oldahoma.  mils  assiimjitloM 
Is  warranted,  to  some  extent  at  least,  by  the  evident  continalty  of  the  onterop- 
ping  beds  from  one  district  to  the  other.  It  has  been  assamed  that  the  forma- 
tions containing  the  oil  sands  In  north^n  Texas  also  contain  the  same  or  similar 
oil-bearing  beds  In  soathem  Oklahoma.  It  is  qoite  certala  that  Hie  general 
stroctaral  conditions  are  similar  In  the  two  areas,  and,  on  the  whole,  tbmm 
seems  to  be  no  reason,  determinable  in  advance  of  drilling,  why  pordima  eC 
soathem  Oklahoma  do  not  contain  pools  of  oil  and  gas  of  commercial  siae.  One 
object  of  the  governmental  examinations  is  to  give  the  driller  some  aid  in 
choosing  locations  for  testa.  The  tests  mast  be  made  before  the  qoeatloii  of  Hm 
occarrmce  of  <^  may  actaally  be  settled.  The  locations  mentioned  as  good  plaoea 
for  wlldcatting  are  based  almost  wholly  on  the  stroctare  or  the  dip  of  the  rofiks 
and  the  probable  height  of  the  oil  sands  here  as.  compared  with  their  heigM 
where  they  are  productive  in  the  Burkbamett,  Electra,  and  Petrolia  flelda.  It 
shoald  be  remembered  that  the  areas  saggested  for  tests  may  not  be  all  that 
are  favorable  for  tests  in  the  region,  but  tbey  are  the  more  apparent  ones 
brought  to  notice  during  the  course  of  the  field  work.  The  actual  difference  in 
elevation  of  the  probable  oil  sands  at  various  points  in  tliis  area  can  be  deter- 
mined only  after  further  study  of  the  field  notes.  It  is  believed  that  test  wells 
located  according  to  the  suggestions  given  by  the  Geological  Survey  in  this  dis- 
trict will  offer  much  better  chances  of  finding  oil  or  gas  than  those  on  locations 
made  in  the  ordinary  unscientific  way.  though  it  must  always  be  borne  in  mind 
tliat  In  most  new  and  unproved  regions,  even  where  the  conditions  for  the  deter- 
mination of  structure  are  favorable  (as  they  are  not  in  this  region),  no  human 
agency  can  at  present  determine  with  certainty,  in  advance  of  drilling,  whether 
oil  or  gas  will  be  found  at  any  given  i)oint  in  commercial  quantities. 

A  more  detailed  study  of  the  field  notes  for  the  complete  report 
shows  that,  in  the  main,  the  above  statement  requires  little  modifica- 
tion to  conform  to  the  structure  as  mapped  on  Plate  IV.  One  cor- 
rection of  minor  importance  is  that  the  small  dome  in  the  southeast 
quarter  of  T.  4  S.,  R.  13  W.,  may  prove  to  be  much  steeper  on  the 
north  side  than  on  the  south,  and  that  a  secondarv  fold  mav  extend 
southeastward  from  it  and  connect  with  the  fold  seen  in  the  bluffs  of 
Red  River  in  sees.  30,  31,  and  32,  T.  5  S.,  R.  12  W. 

Also,  the  dome  mentioned  as  being  in  sees.  8,  9,  16,  and  17,  T.  4  S., 
R.  13  W.,  seems  to  be  much  larger  and  more  prominent  than  at  first 
stated.    The  structure  contours  on  Plate  IV  suggest  that  this  dome 
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embraces  not  only  all  or  parts  of  the  above  sections,  but  also  extends 
across  sees.  6  and  7,  T.  4  S.,  R.  13  W.,  and  sec.  1,  T.  4  S.,  R.  14  W. 
From  this  dome  the  contours  show  a  broad,  flat  secondary  anticline  or 
structural  nose  jutting  out  toward  the  south  and  pitching  steeply  to 
Red  River  at  the  southwest  corner  of  T.  4  S.,  R.  13  W.  The  contours 
show  two  other  secondary  folds,  trending  north  and  northeast,  re- 
spectively. The  general  position  of  these  structural  "highs"  was 
indicated  in  the  press  bulletin,  but  not  with  the  definiteness  given  by 
the  contour  lines  on  Plate  IV  (in  pocket). 

The  structural  "  high  "  reported  in  T.  4  S.,  Rs.  14  and  15  W.,  is 
shown  by  the  contours  to  be  a  part  of  the  Deval  anticline,  the  axis  of 
which  rises  to  a  small  dome  at  Grandfield.  The  structure  as  mapped 
indicates  that  this  dome  is  a  favorable  place  for  a  test.  A  suggestion 
was  made  in  the  press  bulletin  that  in  T.  4  S.,  R.  15  W.,  the  best  loca- 
tion is  "in  some  part  of  the  smooth  prairie  country  south  of  the 
*  breaks.' "  The  reason  for  this  suggestion  is  illustrated  by  the  con- 
tours on  Plate  IV,  which  show  that  a  high,  broad  dome  covers  a  con- 
siderable area  in  the  central  part  of  this  township.  In  fact,  so  far  as 
known,  this  is  one  of  the  most  favorable  places  for  oil  or  gas  in  the 
district.  The  contours  show  a  high  anticlinal  nose  jutting  southward 
from  theMHIt'of'this  dome.  Unfortunately,  this  fold  can  not  be 
traced  verj^-#ir*11i  that  direction  be<:ause  of  lack  of  exposures.  It 
seems  probable,  however,  that  it  may  extend  to  Red  River  and  possi- 
bly beyond,  in  which  case  the  south-central  part  of  T.  4,  R.  15  W., 
may  be  favorable  for  oil  and  gas. 

The  contours  also  show  a  minor  anticline  trending  east-southeast 
from  the  above  dome  across  the  southwest  comer  of  T.  4  S.,  R.  14  W. 
This  fold  appears  to  be  low  and  irregular  but  may  be  large  enough  to 
afford  a  favorable  place  for  the  accumulation  of  oil  and  gas. 

The  dome  in  the  northwest  comer  of  T.  4  S.,  R.  15  W.,  and  adjacent 
area  in  R.  16  is  one  of  the  highest  in  the  district,  and,  other  geolo<]jic 
conditions  which  can  not  be  determined  from  the  surface  being  equal, 
is  one  of  tlio  best  locations  in  it  for  a  test  well.  South-southwest  of 
this  dome,  along  the  ridge  between  Settler  Creek  and  Auger  Creek, 
favorable  ]>laces  for  tests  may  exist,  but  the  available  data  concerning 
that  area  is  too  scanty  to  be  reliable. 

North  of  Deep  Red  Run  the  most  favorable  place  for  a  test  in  the 
district  is  on  (lie  high  liill  in  the  X.  ^  sec.  2,  T.  3  S.,  R.  14  W.  There 
ma}^  l)e  several  other  favorable  locations  in  this  part  of  the  district, 
but  they  could  not  be  picked  out  because  of  lack  of  good  outcrops. 

In  conclusion,  the  fact  can  not  be  overemphasized  that  favorable 
structure  is  only  one  of  a  number  of  equally  important  conditions 
for  the  ac<*umulation  of  oil  and  gas.  Among  these  are  (1)  the  thick- 
ness, number,  and  position  of  beds  which  contain,  or  have  contained, 
the  organic  material  from  which  the  oil  and  gas  were  derived;  (2) 
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the  stratigraphic  relaticm  of  beds  carrying  salt  water  to  those  i&  I )) 
which  the  oil  and  gas  originated;  (3)  the  thickness,  yariability,  and  J' 
stratigraphic  position  of  porous  lenses  or  irregular  beds  of  sand  thift 
may  serve  as  reservoirs;  and  (4)  the  structural  changes  through 
which  these  beds  have  passed  since  they  were  deposited.    In  fid,  ii 
seems  probable  that  pools  of  oil  and  gas  have  been  accumulated  1)J 
the  combined  effect  of  all  of  the  above  factors  or  agencies  working 
under  varying*  geologic  conditions  through  long  periods  of  geolope 
time,  together  with  others  about  which  little  is  known.    It  should  be . 
remembered,  however,  that  the  accumulation  of  oil  and  gas  is  not 
fully  explained  by  the  much  quoted  "  anticlinal  theory,**  which  ic- 
counts  for  the  accumulation  of  pools  of  oil  and  gas  at  certain  &Tor- 
able  places  by  the  difference  in  weight  of  gas,  oil,  and  salt  water, 
where  the  water  is  under  hydrostatic  (still)  conditions.    This  theoiy 
assumes  that  these  three  substances  were  once  mixed  in  the  rocks  and 
that  subsequently  the  gas,  oil,  and  salt  water  arranged  themsdvcB 
in  certain  porous  beds  according  to  their  respective  gravities,  the  gu, 
being  lightest,  collecting  at  the  tops  of  the  anticlines,  or  above  that 
part  of  the  porous  bed  containing  the  water  at  places  where  this 
porous  bed  is  overlain  by  an  impervious  one ;  the  o^^gllecting  below 
the  gas;  and  the  salt  water  remaining  in  the  por^BMJHiilfc'^^^^^^  ^ 
oil.    According  to  this  theory,  areas  of  close,  nmiiJIpPm  the  oil- 
bearing  stratum  have  offered  barriers  to  the  upward  movement  of  the 
oil  and  gas,  thus  forming  pools  on  the  lower  sides  of  the  barriera 
Conversely,  where  no  salt  water  is  present  in  an  oil  or  gas  sand  it 
is  assumed  that  both  these  substances  have  drained  down  the  dip 
through  the  porous  stratum  and  collected  in  a  pool  in  the  bottom  of 
the  syncline  or  on  the  upper  side  of  some  local  barrier  of  impervious 
material.    Therefore  the  central  idea  of  the  anticlinical  theory  is  that 
the  oil  and  gas  traveled  from  their  place  of  origin  to  their  place  of 
accumulation  througli  the  motionless  interstitial  water,  and  that  their 
power  to  move  was  due  entirely  to  the  differences  between  their 
weights  and  that  of  the  water. 

Though  this  theory  has  been  very  successfully  applied  to  many 
oil  fields  it  has  not  satisfactorily  accounted  for  (1)  the  closed  pres- 
sure of  gas  pools  (in  some  pools  amounting  to  1.500  pounds  to  the 
square  inch)  :  (2)  the  presence  of  oil  and  ^as  pools  that  completely 
occupy  sandstone  lenses  wliich  are  surrounded  on  all  sides  by  shale 
and  furnish  no  salt  water;  (t\)  the  presence  of  oil  and  gas  under  high 
pressure  in  porous  pay  streaks  in  sandstone  of  ordinary  texture  and 
porosity;  (4)  the  presence  in  a  dry  sand  of  large  pools  of  both  oil 
and  gas  that  do  not  conform  to  structure  lines,  but  extend  across 
minor  anticlines  and  synclines  alike;  (.V)  the  occurrence  of  pools  in 
pay  streaks  differing  greatly  in  porosity;  (G)  the  difference  in  the 
initial  closed  pressure  of  gas  wells  in  a  given  area;  and  many  other 
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phenomena  of  a  local  nature,  the  signifiance  of  which  can  not  be 
discussed  at  length  in  this  paper.  Furthermore,  experimental  work 
'with  oil  and  water  in  capillary  tubes  of  glass  shows  conclusively  that 
"Water  will  not  displace  oil  placed  at  the  bottom  of  the  tube  even  if 
the  diameter  of  the  capillary  is  increased  to  many  times  that  of  the 
largest  pores  in  the  average  oil  sand. 

The  fact  that  the  anticlinal  theory  does  not  provide  a  satisfactory 
explanation  of  the  above-named  phenomena,  which  are  encountered 
in  almost  all  fields  by  producers,  leads  the  writer  to  believe  that  tlie 
idea  on  which  it  is  based — namely,  the  accumulation  through  differ- 
ence in  gravity  of  gas,  oil,  and  salt  water — is  wrong.  On  the  other 
hand,  the  writer  does  not  wish  to  be  understood  as  denying  the 
very  evident  fact  that  geologic  structure  has  determined  the  posi- 
tion of  many  pools  of  oil  and  gas,  but  he  can  not  believe  that  the 
known  facts  regarding  the  modes  of  accumulation  of  oil  and  gas 
justify  the  assumption  that  difference  in  weight  of  oil,  gas,  and 
water  is  the  principal  factor  of  accumulation. 

The  phenomena  which  the  writer  has  observed  lead  him  to  be- 
lieve that  the  accumulation  of  oil  and  gas  in  pools  is  due  to  the 
action  of  large  bodies  of  water  moving  under  both  hydraulic  and 
capillary  pressure.  If  this  is  the  true  mode  of  accumulation,  oil 
and  gas  pools  of  commercial  size  have  been  formed  by  bodies  of 
water  that  moved  along  the  bedding  planes  and  collected  ahead 
of  or  in  them  a  portion  of  the  oil  and  gas  contained  in  the  porous 
bed.  This  oil  or  gas  may  have  l>een  indigenous  to  the  porous  bed 
or  it  may  have  l^een  forced  into  it  from  alx)ve  or  below  by  previous 
invasions  of  water  traveling  more  or  less  vertically  from  water- 
bearing beds  by  capillary  pressure,  aided  by  hydraulic  pressure, 
through  the  shale  or  other  fine-grained  petrologenic  rock.  One  ob- 
jection frequently  raised  against  previous  statements  of  this  theory 
is  that  it  does  not  seem  to  provide  an  adequate  explanation  of  tlie 
fact  that  gas  is  generally  found  in  the  porous  bed  above  the  oil  and 
the  oil  above  the  water.  It  should  be  remembered,  however,  that  in 
a  body  of  oil  and  water  moving,  say,  horizontally,  two  forces  act 
in  di  He  rent  directions  on  a  given  globule  of  oil  or  gas.  One  of  these 
forces  is  gravity,  wliicli  tends  to  pull  the  water  down  and  sliove  tlie  oil 
and  gas  upward  by  an  amount  equal  to  the  difference  in  specific  gravity 
of  the  water  and  the  oil  or  gas.  This  force  is  exerted  in  a  vertical 
direction.  The  other  force  acting  on  the  particle  of  oil  or  gas  is  that 
exerted  by  the  horizontal  flow  of  tlie  water  through  the  porous  bed. 
The  latter  force  is  many  times  greater  than  the  fonner,  but  the 
resultant  of  the  two  forces  is  a  line  slightly  rising  from  the  horizontal 
in  the  direction  of  the  flow. 

Therefore  it  is  possible  that  an  oil  or  gas  particle  may  rise  to  the 
top  of  a  bed  saturated  with  water  if  the  water  is  moving,  and  its 
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motion  involves  only  kinetic  friction  on  the  oil  <»r  gas  jwiticl^j 
whereas,  if  the  water  were  still,  the  static  fricticm  would  be  fv  ioo^ 
great  to  permit  any  movement  of  the  oil  or  gas,  no  matter  whatj 
length  of  geologic  time  might  be  involved. 

According  to  this  theory,  favorable  places  fcnr  aocnmnlatioii  an 
places  in  the  porous  bed  that  present  great  differences  in  porarilj, 
whereby  the  oil  is  mechanically  separated  or  strained  oat  of  the  oO- 
water  fluid,  or  other  places  where  there  is  great  variation  in  the  rale 
of  movement  of  different  parts  of  the  edge  of  the  invadin|^  body  of  r 
water,  the  oil  being  thereby  confined  between  saturated  portioos  of] 
the  oil-bearing  bed,  which  have  been  filled  by  water  moving  in  op*l 
posite  directions.    Pitching  axes  of  anticlines,  stractural  donie%j 
monoclines  of  irregular  trend,  and  places  where  the  porosity  of  ths^ 
oil  sand  changes  greatly  are  favorable  locations  for  trapping  portions  i 
of  the  oil  and  gas  accumulated  by  the  moving  water.    It  seems  prob* 
able  that  much  of  the  gas  has  been  evolved  by  slow  chemical  diaoga 
from  the  oil  after  it  was  accumulated  into  pools.    This  theoiy  has' 
been  stated  in  greater  detail  elsewhere  ^  and  need  not  be  repeated  here^ : 
attention  being  called  to  it  simply  to  make  clearer  the  foUowing 
suggestions  to  prospective  operators  in  the  Grandfield  district. 

The  existence  of  an  anticline  at  a  certain  location  does  not  neoes^ 
sarily  indicate  that  that  spot  is  the  most  desirable  for  a  test  weD. 
The  prospector  should  keep  in  mind  the  fact  that  anticlines  have  rela* 
tively  greati  length  in  cc»nparison  with  their  breadth,  that  the  axes 
of  folds  vary  in  altitude  from  place  to  place,  and  that  each  fold  has 
what  may  be  termed  a  critical  altitude  for  each  oil  sand,  at  which 
oil  and  gas  are  most  likely  to  accumulate.  The  critical  altitude  of  an 
oil  sand  seems  to  depend  on  its  content  of  water,  which  in  turn  de- 
pends on  many  important  factors,  such  as  the  regional  distribution  of 
the  sand,  its  character — whether  uniformly  coarse  and  open,  fine  and 
close,  or  porous  at  some  places  and  hard  and  close  at  others — the 
general  structure  of  the  oil-bearing  rocks,  and  the  source  of  the  water 
in  them  and  its  head.  Unfortunatelv,  the  value  of  all  these  factors 
can  not  be  determined  definitely  in  any  region  in  advance  of  the 
drill.  Their  combined  effect,  however,  is  to  cause  certain  portions 
of  each  oil  sand  to  be  saturated  with  water  under  sufficient  head  to 
furnish  a  flow  into  wells  drilled  into  it,  the  height  to  which  this  water 
will  rise  in  a  well  differing  greatly  and  reaching  a  maximum  of  sev- 
eral hundred  or  even  thousands  of  feet.  The  portion  of  a  given  sand 
most  likely  to  be  productive  forms  a  belt  of  greater  or  less  width 
along  the  margin  of  that  part  which  is  just  saturated  with  water  or 
where  this  water  in  it  is  under  a  low  head.     This  saturated  belt  does 

*Munn,  M.  J.,  The  anticlinal  and  hydraulic  theories  of  oil  and  pas  nccumulatton : 
Bcon.  Geolopy,  vol.  4,  No.  6,  Oct.,  1009;  IT.  S.  (lool.  Survey  Geol.  Atlas,  Sewlcklcy  folio 
(No.  17C),  1911.  Munn,  M.  J.,  and,Shaw,  E.  W.,  Idem.  Foxburg-CIarion  folio  (No.  178), 
1011. 
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not  everywhere  occupy  a  horizontal  plane  in  the  sand  out,  as  already 
stated,  may  vary  greatly  in  height  from  place  to  place.  Therefore 
the  critical  altitude  at  which  pools  are  most  likely  to  occur  on  one 
anticline  in  a  given  sand  may  be,  and  generally  is,  very  different  from 
the  critical  altitude  for  the  same  sand  on  another  anticline  some  dis^ 
tance  away,  and  also  for  other  sands  having  different  water  condi- 
tions. 

The  hydraulic  hypothesis  of  accumulation  lends  itself  readily  to 
the  explanation  of  pools  in  and  around  which  no  water  is  found  in 
the  oil  sand,  because  it  assumes  that  the  lack  of  porosity  of  the 
rocks  surrounding  oil  pools  is  due  largely  to  the  sealing  of  the 
pores  by  interstitial  water.  The  water  content  of  a  given  sand, 
as  well  as  the  water  pressure  in  it,  may  change  materially  with 
the  lapse  of  geologic  time  by  reason  of  the  modification  of  the 
shape  of  the  bed  by  both  upward  and  downward  movements  of 
the  earth's  crust,  the  development  of  local  folds  in  the  strata, 
changes  in  the  size,  character,  and  height  of  the  intake  area  from 
which  the  water  is  derived,  climatic  changes,  and  many  other  phe* 
nomena  which  are  conmionly  incident  to  the  geologic  history  of  every 
region.  It  is  therefore  not  safe  to  assume,  because  a  given  '^  sand  " 
shows  no  water  in  wells  sunk  around  an  oil  or  gas  pool  in  it, 
that  this  sand  contains  no  water  and  that  the  pool  was  not  accumu- 
lated by  moving  water.  Where  pools  occur  in  "  dry  "  sands — sands 
that  show  no  water — it  is  not  safe  to  go  further  than  to  assume  that 
the  water  in  the  sand  has  little  or  no  hydraulic  head  and  therefore 
little  or  no  pressure  to  force  it  into  the  wells.  The  very  fact  tliat  oil 
and  gas  pools  do  exist  under  high  pressure  in  porous  "  sands,"  many 
of  which  have  great  horizontal  extent,  justifies  the  assumption  that 
the  rocks  above,  below,  and  entirely  surrounding  the  "  pay  sands  '* 
of  these  pools  are  impervious  to  the  oil  and  gas ;  otherwise  the  great 
pressure  not  only  would  have  dissipated  the  pool  long  ago,  but  would 
have  been  an  ever-present  impediment  to  the  accumulation  of  such 
pools.  It  is  a  well-established  fact,  however,  that  the  rocks  which 
inclose  these  "  paj'^  sands  "  contain  considerable  pore  space,  ranging 
from  probably  1  per  cent  up  to  perhaps  10  per  cent  or  more  of  the 
rock  mass.  Therefore  the  only  conclusion  possible  is  that  the  pores 
of  the  r(x?ks  in  contact  with  "  pay  sands  "  of  oil  and  gas  pools  must 
be  filled  temporarily  with  something  that  renders  the  rocks  imper- 
vious to  oil  or  gas  under  high  pressure.  The  only  substance,  appar- 
ently, which  will  universally  satisfy  this  requirement  is  water,  and  it 
seems  safe  to  assume  that  the  rocks  surrounding  oil  and  gas  pools  are 
always  saturated  with  water,  and  that  where  no  water  is  obtained 
from  the  oil  sands  in  wells  surrounding  pools  the  head  or  pressure  of 
this  water  is  too  small  to  force  it  through  the  pores  of  the  rock  in 
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fpwaaUe  ^Miiti»  bee— »«<  A«  wiy  fciiafc  iMJiiiiiKe  due  it>  trv^ 
mj  im%%  faaea  wiMy  tiBK^catcr  st  aome  other 
,  m  fad.  to  fore*  lk»  <nua-  throng  the 
imb  ahaid  of  it.  »j  described  abore. 
B  SH^  pi«falili.  tkniwe.  Uiaft  As  CMlagic  time  actaallT  ioralred 
inthtaeeamiiatiotkuimmf  p^^^tAatgmpool  wts  tdAtivelj  tluirt, 
Bui  when  oM*  focBcd  tlw  pool  becsMK  m  finuW  fixed,  vtrj  paB»^; 
Mot  put  a<  Ika  rack  bms  aad  not  has  nffsnl  little  or  no  cfai9gb| 

ne  [■iiif]  afcjw*  of  tkn  pap^V  iMMrercr,  u  qoC  to  discuss  tht  j 
thcoris  of  «■!  aad  ^s  auiM—lariwt,  toe  to  sbov  iIm  local  stnctu^j 
of  the  Gmidfirld  diatziet.  and  ta  ni|*aw»  the  Cm:!  that,  ragudl^ 
*«f  ciie  Tsriotts  modifyiag  fttfon  ckf  aoaiMalatiaB  in  a  gi*ai  ana,  tlM 
lacatiiQ  of  tlw  Ui^^n-  pwoMtfagt  of  poola  is  fuMmwuemd  man  or  IMQ 
br  tha  atrwctore.  aad  thak  »  Aiailwi  kauwledep  of  the  stmetnre  in  « 
^tcd'brb  U  eflCB  a^taemt  to  aaaUe  a  compasr  to  gT^atl;  tncreis 
ila  ■■*«■■«  of  **^'"g  eil  or^B,  and  that  a  Udc  of  this  informatioo 
ahta  laads  to  the  driUinp  of  heits  in  un&v^wabl?  territorr.  Thia 
faot  is  iUnstntcd  br  the  four  wclk  drilled  in  the  Gruid&eld  diitnct 
The  Geoifv  CabelU  w«Il  Xo.  1  ( Xa  12  of  the  vdJ-acction  Aevi.  PL 
in>.  in  the  XW.  J  sec.  ^.  T.  3  &,  B.  13  W.,  is  almoet  exactlr  ia 
the  tnn^  of  a  small  srndiste  adjaoent  to  the  Deep  Bed  syndiab. 
Tbe  -  Big  Pasture  *dl "  at  LATdand,  id  T.  3  S.,  K.  15  W.,  is  sl» 
naar  the  botiou  of  this  troogfa  at  a  v«t  tm&vocable  locatioo.  The 
shallow  trell  in  the  SE.  J  sec.  30.  T.  4  sL  B.  11  W^  scans  to  be  sane 
di&Uov  south  of  the  axis  of  the  Devol  anticline,  bm  is  stUI  vecy 
favorablj  located  for  oil  or  ^as.  However,  the  chances  of  getting  oil 
or  gas  in  this  well  could  bare  been  materiallr  increased  if  it  bad  been 
located  a  mile  to  the  northwest.  Bat,  as  is  ^own  on  Plate  III  (well- 
eecfion  sheet ) .  these  wells  rcrr  prabaUr  were  not  drilled  deep  enougji 
to  be  regarded  as  tests,  and  the  tine  and  nwoey  spent  upon  tbem  wen 
wasted. 

Tbe  fourth  well,  drilling  at  this  date  (Julr.  1913)  at  Gtandfield, 
is  located  in  a  fairly  favorable  place  on  the  sooth  limb  of  a  small 
dccDe,  bat  the  chances  of  finding  oil  or  gas  in  this  vicinity  would 
hare  been  sli^tly  in^ireased  by  locating  it  half  a  mile  northwest  of 
the  point  selected.  The  domes  shown  by  the  contours  oq  Plate  IT 
dioold  be  tested  first  in  this  district.  Tbe  higher  the  domes  tbe 
better.  If  first  wells  so  located  furnish  gas  in  commercial  quantities 
in  any  sand,  they  will  show  that  tbe  general  a»iditi<Mis  in  the  area 
were  &Torable  for  its  occomulatioa  and  that  the  ^^ame  sand  at  a  lower 
Level  OD  the  anticline  is  very  likely  to  contain  good  poob  of  oiL  If, 
however,  tbe  domes  prove  to  ccmtain  no  oil  or  gas  and  carry  salt 
water  under  consideiable  head  in  the  various  ^nds  down  to  3,000 
feet,  tbe  proqiect  of  finding  gas  or  oil  in  the  district  as  a  n-hole  is 
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unfaTOimMeb  If »  on  the  other  hand,  the  higher  domes  cany  no  salt 
water,  oil,  or  gas  in  any  sand,  the  lower  dcmes  and  seoondaiy  anti- 
clines should  be  tested,  especially  those  nearest  the  Btu^bumett  field. 
The  fact  that  these  beds  carry  oil  in  the  Burkbumett  field  suggests 
that  the  lower  domes  and  secondary  anticlines  in  the  eastern  part  of 
the  district  bring  the  oil  sands  up  to  about  the  rig^t  elevation  for 
accumulations,  in  which  case  the  higher  domes  to  the  west  may  carry 
gas  almost  exdusively.  At  all  times  it  must  be  remembered  Ihat  the 
three  favorable  factors  to  get  in  combination  are  (1)  an  anticline,  (2) 
•  good  open  sand,  and  (8)  the  ri{^t  height  on  the  anticline  with  refer- 
ence to  salt  water  in  the  porous  sand.  It  is  evident  that  in  wildcat 
tests  only  one  of  these  factors — structure— can  be  determined  in  ad- 
vance of  the  drill,  but,  having  it  given,  the  chances  are  at  least 
increased  one^third.  Once  the  ocHubination  of  all  three  is  found  the 
test  for  an  oil  or  gas  pool,  whether  successful  or  not,  is  at  least  com- 
plete for  that  vicini^. 
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PREPACK 


By  Geobge  Otis  Smith. 


Until  the  last  few  years  the  contributions  to  the  study  of  ore  de- 
posits by  membera  of  the  United  States  Geological  Survey  have  been 
primarily  geologic.  Close  observation  of  the  facts  of  geologic  occur- 
rence and  mineral  association  has  been  the  rule,  less  attention  having 
been  given  to  the  chemical  and  physical  questions  involved  in  prob- 
lems of  ore  deposition.  Notable  exceptions  have  been  studies  by 
G.  P.  Becker  and  Carl  Barus  *  of  electric  activity  in  the  Comstock 
lode  and  the  lodes  of  Eureka,  Nev.,  the  chemical  investigation  by 
Becker  and  Melville  of  solution  and  precipitation  of  metallic  sulphides,' 
studies  by  C.  R.  Van  Hise  and  C.  K.  Leith '  of  the  chemistry  of  iron- 
ore  deposition,  and  the  work  of  Waldemar  Lindgren  ^  on  the  relations 
between  ore  deposition  and  physical  conditions.  Recently,  how- 
ever, unusual  interest  has  been  awakened  in  the  geochemical  and 
geophysical  phases  of  the  problem.  This  interest  has  manifested 
itself  in  such  work  as  that  of  Victor  Lehner,"  of  the  University  of 
Wisconsin,  and  A.  D.  Brokaw,*  of  the  University  of  Chicago,  on  the 
solution  and  deposition  of  gold,  and  in  studies  begun  by  L.  C.  Graton, 
of  Harvard  University,  and  his  associates,  of  the  enrichment  of 
copper  ores. 

Among  the  contributions  already  made  by  the  United  States  Geo- 
logical Survey  are  the  published  results  of  studies  by  W.  H.  Emmons^ 
of  the  general  subject  of  enrichment,  and  of  investigations  now  being 
carried  on  by  E.  S.  Bastin  •  and  Chase  Palmer  of  the  enrichment  of 
silver  ores  as  exemplified  in  our  western  mining  camps.  The  work 
reported  in  the  present  paper  on  electric  activity  in  ore  deposits  elab- 
orates and  extends  the  work  of  Gottschalk  and  Buehler.* 

1  G«ology  of  the  Comstock  lode  and  the  Washoe  district:  U.  8.  Oeol.  Survey  Mon.  3,  pp.  309-^7, 1882. 
s  Geology  of  the  quicksilver  deposits  of  the  Pacific  slope:  U.  8.  Oeol.  Survey  Mon.  13,  chap.  15, 1888. 

*  Summarized  In  U.  S.  Oeol.  Survey  Mon.  52,  pp.  518-545, 1911. 

*  Ore  deposition  and  deep  mining:  Econ.  Geology,  vol.  1,  pp.  34-46, 1906;  The  relation  of  ore  deposition 
to  physical  conditions:  Idem,  vol.  2,  pp.  105-127, 1907. 

*  The  transportation  and  deposition  of  gold  in  nature:  Econ.  Geology,  vol.  7,  pp.  744-750, 1912. 

*  The  secondary  precipitation  of  gold  in  ore  bodies:  Jour.  Geology,  vol.  21,  pp.  251-267, 1913. 
'  The  enrichment  of  sulphide  ores:  U.  S.  Geol.  Survey  Bull.  529, 1913. 

*  MetiMomattim  In  downward  sulphide  enrichment:  Econ.  Geology,  vol.  8,  pp.  51-63,  1913;  Metallic 
minerals  as  precipitants  of  silver  and  gold:  Idem,  pp.  140-170, 1913. 

*  Boon.  Geology,  vol.  5,  pp.  2^-35, 1910;  vol.  7,  pp.  15-34, 1912. 
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ELECTRIC   ACTIVITY  IN   OBE   DEPOSITS. 

It  13  interesting  to  note  that  this  bulletin  by  Mr,  Wella  relates  to  1 
a  subject  mcntioneii  by  Bet-ker'  in  his  first  admiuiatrative  report  to  ' 
Director  King  as  tlpaorv-iug  study,  a  suggestion  tbat  was  followed  by 
the  investigation  by  Bums.  The  electromotive  forces  detected  in  the 
present  detailed  quantitative  laboratory  studies  of  the  activity  of 
various  metalliferous  minerals  in  various  solutions  show  few  intensities 
as  great  as  one  volt,  though  some  of  them  are  many  times  greater 
than  the  largest  electromotive  forces  actually  found  in  ore  deposits 
by  the  earlier  observers.  Moreover,  the  effects  of  difference  in 
solutions  are  found  to  be  greater  than  those  duo  to  mineralogio  ] 
differences. 

It  should  be  emphasized  that  the  results  thus  far  obtained  afford 
no  adequate  basis  for  any  method  of  electric  prospecting  nor  any 
promise  of  the  development  of  such  a  method  by  connecting  the  ■ 
presence  of  oro  deposits  with  readily  or  defmitely  measurable  electric  J 
activity.  Nevertheless,  the  data  here  presented  are  believed  to  I 
possess  value  in  the  broader  investigation  of  ores,  for  even  feeble  J 
currents  might  exert  a  directional  influence  on  ore  deposition,  and  J 
chemical  conditions,  even  at  a  distance,  might  be  a  factor  in  deter-  1 
mining  mineral  association. 

tV.B.O»aL  Bams  ytatXan.  Kepi.,  v.4e,saa 


ELECTRIC  ACTIVITY  IN  ORE  DEPOSITS. 


By  Roger  C.  Wells. 


INTRODUCTION. 

As  long  ago  as  1830  R.  W.  Fox  called  attention  to  electric  activity 
in  ore  deposits.*  Such  currents  as  he  was  able  to  detect  seemed  to 
have  no  relation  to  the  points  of  the  compass,  but  appeared  to  be 
due  to  connections  existing  between  different  bodies  of  ore,  or  be- 
tween different  parts  of  the  same  body.  In  one  mine  the  ore  appeared 
to  be  increasingly  negative  with  depth,  a  fact  which  he  suggested 
might  be  dependent  on  temperature.  His  original  paper  contained 
a  table  showing  the  order  of  the  electric  conductivity  of  about 
twenty  minerals  and  mineral  combinations.  In  a  later  paper'  he 
took  pains  to  show  that  certain  ores  may  act  like  metals  in  galvanic 
combinations,  and  his  principal  conclusions  are  summed  up  in  the 
statement  that  the  electric  phenomena  in  veins  ''bear  a  striking 
resemblance  to  galvanic  combinations.''  From  1830  to  1844  dis- 
cussion of  these  points  was  carried  on  by  Henwood*  and  Fox*  in 
England  and  by  Von  Strombeck*  and  Reich*  in  Germany  without 
important  advances. 

The  subject  was  considered  from  a  somewhat  different  point  of 
view  in  1870  by  W.  Skey.^  Whereas  the  preceding  investigators  had 
sought  for  currents  over  large  areas,  Skey  confined  his  observations 
to  laboratory  experiments  on  single  minerals.  He  enlarged  the 
known  list  of  conducting  minerals  and  determined  the  direction  of 


1  Fox,  R.  W.,  On  the  •l«ctrom*gBetic  properties  of  metallilerous  veins  Id  the  miDM  of  Cornwall:  Phfloi. 
TnDS.,  1830,  pt.  2,  p.  390. 

*  Fox,  R.  W.,  Note  on  the  electric  rel&tions  of  certain  metals  and  metalllferoai  minerab:  Phflos.  Trans., 
1835,  pt.  1,  p.  39. 

s  Henwood,  W.  J.,  Sur  Ics  couranbi  ^ecirUiuen  o^iser^v^s  dans  Ite  ti]on.%  de  romouailies:  A  nnales  des  mlDM, 
8d  ser.,  vol.  11,  p.  &<>,  1<J7. 

4  Fox,  R.  W.,  Account  of  some  experiments  on  the  electricity  of  the  Hudi  Jewel  mine:  Britiiih  Ainoe. 
Adv.  ScL  Rept.,  vol.  3.  p.  :>72. 1  <^l:  Kefxjrt  on  .some  ezperimenu  on  the  eler:tririty  of  metallic  \  nitu,  etc.; 
Idem,  voL6,  p.  133, 1S37;  &<iine  experiment4  on  subterranean  electricity,  ma^le  at  i'ennance  mine,  near 
Falmouth:  Phflos.  Ma^., 3^1  ^r..  vol.  2i,  pp.  4.'i7,  4'J] ,  \MA, 

iStrombeck,  A.  von,  IVUr  die  -.'.a  IFwrn  Fox  an^est'-IlteTi  I'ntemjchunjr^-n  in  BecuK  auf  dieelektro- 
magnetischen  Aeouerungen  der  M#'UlIar^n{re:  Kar^tirn'-i  Archjv.  vol.  r,,  p.  i.:i,  l*<it3. 

•  Relch«  F.,  Xotis  Qt^er elektrLsche  Htr^Sme  auf  Erzglni^en:  ffiffxendorfTi  Annalfn,  vol.  iH,  p.  2S7, 1^3^: 
Versodie  fiber  die  Aubuchuni;  von  Encn  mitteLit  des  .HcbwciKer'schen  Multiplicatoni:  fterg*  und  hiitteo- 
mlnn'iehaZeitang,  vol  3,  pp.  M2. 3M,  1«M. 

V  Sk^y,  W.,  On  tbeeleetaoiDotive  power  of  metallic  tulpbides:  New  Zealand  Inst.  Trans,  and  Prr>c..  vol. 
a^pp.233-2M.lS71. 
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ibt  OUTrent  when  conductmg  mineTals  la  contact  with  solutions  are 
oonnected  by  a  wire.  Besides  pointing  out  anew  that  conducting 
minerals  arc  capable  of  forming  the  electrodes  of  galvanic  batteries 
he  called  attention  to  the  accelerating  or  retarding  action  of  one 
miooral  on  another  In  chemical  changes — action  due  to  electric 
■ctiTity. 

In  1880,  at  the  instance  of  G.  F.  Becker,  Carl  Bams '  investigated 
thedeetric  activity  of  the  Comstock  lode  and  of  the  ore  deposits  at 
ShiTeka,  Nev.  Although  he  followed  the  experimental  methods  of 
Fox,  Barns  appears  to  have  purposely  avoided  contact  with  metal- 
fiferous  minerals.  He  concluded,  from  the  measurements  made  at  the 
Comstock  lode'  "that  the  electromotive  forces  due  purely  to  chemical 
diflerence  and  polarization  of  the  terminals  are  of  the  same  order  as 
die  data  expressing  the  electric  activity  of  the  lode."  At  Eureka 
tiie  potentials  of  21  points  were  measured  against  a  single  point  of 
nfereoco  with  terminals  particularly  designed  to  make  a  good  contact 
with  Uie  solutions  in  the  rocks.  The  maximum  potential  above  the 
point  of  reference  was  0.018  volt  and  the  maximum  below  0.093  volL 
In  the  words  of  Barus:^  "On  reviewing  the  results  described  it  is 
strikiiigly  evident  that  the  electromotive  forces  met  with  are  invari- 
aUy  small,  very  frequently,  indeed,  quite  at  the  limit  of  the  accu- 
rately measurable."  Electric  prospecting,  therefore,  appeared  to  . 
Banis  impracticable,  but  he  adds:  * 

It  will  be  d«nnblie  to  cwtt  out  Fok'h  cd^nd  idea,  mndr,  «(  iawm^Ung  ths 
electrical  piopertiea  of  one  and  minenli  of  tha  heavy  metals  *  *  *.  The  knoiri' 
edge  ve  possea  of  the  conductivity  and  the  position  of  oree  in  the  electrical  scale  is 
largely  the  result  of  experimenta  loade  a  long  time  ago.  Recent  observeM  have  made 
but  few  quantitative  additiona,  and  even  these — probably  from  improperly  chosen 
methods — are  frequently  discordant. 

In  1891  Braun  *  clearly  proved  that  certain  phenomena  attending 
the  formation  of  sulphides  and  the  deposition  of  copper  in  capillary 
spaces,  previously  noted  by  A.  C.  Becquerel,  are  of  an  electrochemical 
nature,  as  Becquerel  had  in  fact  suggested.*  These  phenomena  are 
partly  dependent,  according  to  Ostwald,'  on  the  semipermeability  of 
precipitated  membranes.  It  is  not  possible  in  this  paper,  however, 
to  discuss  the  complications  that  would  be  introduced  into  the  ques- 
tion by  so  extending  it  as  to  consider  capillary  spaces  and  semipei^ 
meable  membranes. 

>  B«ker,  O.  T.,  Onlogy  or  tha  Conutoct  l*d>  ud  Uw  Wuboe  dlsliict:  D.  8.  ObjI.  Surrty  Ibm.  3,  pp. 
3Clft-3fl7  (chap.  10,  On  tbs  electrical  actlTiir  ot  on  bodln,  br  Cvl  Bum).  18S1. 
■  Idem,  p.  au. 

•  Idem,  p.  3tS. 
(Idam,p.  3as. 

•  Braun,  F.,  EbctrocapIUare  Rcectkmen:  AmulBn  dar  Fhyilk  imd  Chemt*,  TnL  M,  p.  COT,  IM. 

•  Becquerel,  A.  C.,8nrdeaiwuvauii  eHeU  chlmlguca  produltaduulcBictluiscqilllaaa:  CompLmd., 
toL  «4,  pp.  Sl»-fl«.  1887;  TOL  BS,  pp.  Bl-«),  7a>-JM,  IWT;  voL  M,  pp.  77-ffl,  M6-3I7,  7eS-«M,  lOW-1072. 
1888;  pvtlculailf  vol.  BS,  p.  SI,  1888. 

)  OrtwBld,  W.,  Elektrlscba  E1«easch>IUn  lulbdurchUad(erflciielil»wbKI«:  Z«lt>ctiT.idi7ilkaLChemlt^ 
Tta.e,p.7S,  ISBO. 
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Experiments  along  the  line  indicated  by  Barns  were  made  in  1897 
by  Bemfeld,^  who  studied  the  electric  behavior  of  galena  particu- 
larly, and  more  recently  by  Grottschalk  and  Buehler,  who  had  pre- 
viously shown  that  the  oxidation  and  solution  of  certain  natural 
sulphides  are  accelerated  under  certain  conditions  by  the  presence 
of  pyrite  or  marcasite.'  In  explanation  of  this  action  E.  T.  Allen ' 
and  I^  separately  ventured  to  express  the  opinion  that  it  might  be 
due  to  the  production*of  sulphiuic  acid  by  the  pyrite  and  marcasite. 
Soon  afterward,  in  another  paper,  Crottschalk  and  Buehler  pointed 
out  once  more  that  there  may  be  electric  action  between  different 
sulphides  in  contact;  further,  that  marcasite  and  pyrite,  which  are 
electrically  positive  to  stibnite  and  sphalerite  when  in  moist  contact 
with  them,  are  in  fact  themselves  somewhat  protected  from  oxidation 
by  the  complementary  action  of  the  more  oxidizable  sulphides.  They 
accordingly  ascribed  the  chemical  effects  observed  by  them  partly  to 
electric  action,  and  presented  a  list  of  conducting  minerals  and  a 
table  giving  the  electromotive  forces  shown  by  several  minerals  with 
respect  to  copper,  water  serving  as  electrolyte. 

This  explanation  9f  the  alteration  of  ores  by  electrolysis  is  similar 
to  the  electrolytic  theory  of  the  corrosion  of  iron  and  steel  and  of  the 
zinc  of  zinc  plate.  In  view  of  the  importance  of  the  subject  it  has 
seemed  desirable  to  extend  the  data,  not  only  to  correlate  field  results 
with  laboratory  experiments,  but  also  to  elucidate  the  effect  of  various 
solutions  on  the  potentials  and  to  harmonize  the  whole  subject  with 
modem  theories,  such  as  those  of  electricity  and  solution.  The  data 
presented  in  this  bulletin  greatly  enlarge  the  scope  of  possible  inves- 
tigation. It  is  well  realized  that  more  detailed  experimental  work 
is  both  desirable  and  necessary,  but  it  has  seemed  best  to  set  forth  at 
this  time  what  has  already  been  done. 

generaij  discussion  of  the  phenomena. 

effect  of  vabious  solxttions  on  the  potentials  shown  by 

minebals. 

The  potentials  of  different  minerals  as  presented  by  Gottschalk  and 
Buehler  were  determined  by  using  water  as  the  electrolyte  and  me- 
tallic copper  as  the  second  electrode.*  Their  opinion  was  that  the 
electrolytic  action  of  the  sulphides  ** would  bo  analogous  in  every  re- 
spect to  the  action  of  metaLs."  But  although  it  is  well  known  tliat  the 
potential  shown  by  a  metal  as  electrode  depends  on  the  concentration 
of  the  metalhc  ion  in  the  solution  in  contact  with  it,  (iottHclialk  and 
Buehler  presented  no  data  on  the  effect  of  variation  in  the  solution. 

1  Bernfeld,  I.,  Studien  dber  Scbvefelmetallelektxoden:  Zeitachr.  pbyslkal.  Cb«mk,  vol.  26,  p.  m,  IHim 

*  Buehler,  H.  A.,  and  Gottschalk,  V.  U.,  Oxidation  of  sulphides:  Eooo.  Oaology,  vol.  6,  p.  28,  IVIO. 

•  Boon.  Geology,  vol.  5,  p.  387,  WIO. 

*  Idem,  !>.  480. 

•  GottK^alk,  v.  H.,  and  Buehler,  U.  A.,  Ecoo.  Geology,  vol.7,p.^V,^^VI. 
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Tliis  was  tlier»f()re  tho  firsl  subject  to  be  investigated.     A  few  meas- 
urements soon  showed  that  not  oiJy  do  different  minerals  employed 
as  elettrodea  exhibit  difrerent  potentials  in  a  given  solution  but  also  j 
tliftt  the  potentials  shown  by  moat  minerals,  certainly  the  initial  vai^l 
uea,  depend  to  a  marked  degree  on  the  nature  of  the  solutions  in  con-^ 
t«ct  with  tho  minerals.     The  variation  shown  by  a  mineral  in  passing   ' 
from  a[i  acid  to  an  alkaline  solution  is  in  fact  generally  greater  than 
the  diHereiices  shown  by  diverse  minerals  in  the  same  solution.     The 
potentials  also  depend  on  the  oxidizing  or  reducmg  nature  of  tfas  j 
solutions.     In  general,  aeid  and  oxidizing  solutions  give  the  higheatfl 
potentials,  alkaline  and  reducing  solutions  the  lowest. 

A  most  significant  faet  for  the  elucidation  of  these  phenomena  is  * 
that  any  unattackablo  electrode,  such  as  a  piece  of  smooth  platinum, 
shows  somewhat  similar  behavior  in  the  various  solutions.  The 
table  below  gives  a  few  single  potential  measurements  which  illustrBtA>] 
this  point.  The  solutions  were  appro.ximateJy  normal  and  the  signl 
is  that  assumed  by  the  electrode  with  reference  to  the  normal  calomelf 
electrode  as  +0.560  volt,  the  meastirementa  being  made  soon  after 
the  specimens  were  placed  in  the  solutions.  Of  course  neither  equi- 
librium nor  constancy  was  wholly  obtained  under  these  circumstances 
ijo  the  time  allowed.  ■ 

I  Efftvt  af  variauM  totuxiona  on  lit  fotmtiat,  in  voAt.  ^ 


n 

.8 
IS 

le 

m 


Bulphurlc 
PoUmui] 


a  MlncnJ  appncliblT  atUokcd,  rMdlng  m  IndaBnlt*  valat. 

On  considering  these  results  a  number  of  important  questions  at 
once  arise.  Is  it  possible  to  frame  a  consistent  explanation  of  all  the 
values  ?  How  constant  and  reproducible  are  they )  Which  of  them, 
if  any,  are  capable  of  furnishing  noteworthy  currents  for  electrolytic 
action  ?  Is  such  action  possible  in  ore  deposits  i  If  so,  what  are  the 
effects  of  electrolytic  action  on  various  minerals  ?  I  shall  attempt  to 
give  answers  to  these  questions  by  discussing  known  facts  as  well 
as  by  presenting  new  experimental  evidence  on  the  subject. 

It  may  be  said  at  once  that  most  of  these  potentials  are  reproduci- 
ble to  tenths  of  a  volt  and  some  to  hundredths.  Our  knowledge  of 
the  behavior  of  various  electrodes  would  lead  us  to  expect,  however, 
that  the  products  formed  by  solution  of  the  minerals  would  have  an 
effect  on  the  potentials.    To  yield  significant  potentials  the  solutions 
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should  contain  definite  concentrations  of  the  possible  reacting  sub- 
stances, but  as  the  concentrations  could  not  be  regulated  by  the 
method  of  experimentation  used  above  the  values  are  simply  illus- 
trative and  have  no  exact  quantitative  significance. 

The  measurements  are  suggestive,  however,  because  they  repre- 
sent temporary  stages  in  slow  chemical  adjustments.  Some  of  these 
adjustments  occur  very  slowly,  so  slowly  that  fairly  constant  poten- 
tials are  soon  obtained;  others  occur  more  rapidly  and  the  reaction 
products  cause  a  changing  potential.  Measurements  of  electromo- 
tive force  may  be  used  to  indicate  the  direction  and  intensity  of  a 
given  chemical  action  and  generally  furnish  such  indications  with 
as  great  accuracy  as  chemical  experimentation.  Moreover,  such 
measurements  may  be  made  quickly. 

The  potentials  shown  by  the  minerals  and  the  platinum  as  indi- 
cated in  the  preceding  table  evidently  have  something  in  common 
and  are  affected  in  a  similar  way  by  the  nature  of  the  solutions.  The 
variations  shown  seem  to  be  characteristic  of  the  potentials  ordi- 
narily termed  ''oxidation  and  reduction"  potentials.  When  the 
electrode  appears  positive  the  usual  assumption  is  that  positive 
electricity  has  passed  from  some  ion  in  the  solution  to  the  conduc- 
tor (platiniun  ordinarily),  or,  what  amounts  to  the  same  thing,  that 
negative  electricity  has  passed  from  the  electrode  to  the  solution. 
The  ferric  ions  present  in  a  ferric  salt  solution,  for  example,  are  capa- 
ble of  acting  as  oxidizers — that  is,  of  parting  with  a  portion  of  their 
electrification  and  thereby  becoming  converted  into  ferrous  ions. 
The  electric  potential  measures  the  tendency  of  this  chemical  process 
to  occur.  Evidently  this  general  effect  is  shown  even  with  the  min- 
eral electrodes  in  the  above  measurements,  but  with  the  minerals 
there  is  the  added  possibility  that  their  constituents  may  ionize  and 
carry  electric  charges  with  them  into  the  solution  as  they  dissolve. 
Considering  the  similar  effects  shown  by  the  minerals  and  by  plati- 
num, however,  it  must  be  said  that  the  potentials  indicate  in  a  gen- 
eral way  the  order  of  the  oxidizing  power  of  the  solutions. 

For  further  measurements  of  such  potentials  one  may  refer  to  the 
experiments  made  by  Bancroft  on  a  large  number  of  oxidizing  and 
reducing  solutions.*  In  1898  R.  Peters  showed  that  the  value  of  the 
ferric-ferrous  potential  is  dependent  on  the  concentrations  of  both 
ferric  and  ferrous  salt,  and  succeeding  investigators  have  found  that 
such  potentials  are  much  more  definite  when  the  salts  of  both  valen- 
cies are  present  in  about  equal  amounts.  The  present  custom  is  to 
take  as  the  normal  oxidation  and  reduction  potential  the  value  shown 
when  the  two  ions  concerned,  if  these  can  be  determined,  are  present 

»  Bancroft,  W.  D.,  Ueber  Oxydationsketten:  Zeitschr.  physikal.  Chemle,  vol.  10,  p.  387, 1892. 
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in    pqiiB.1    coucoiilration.     The    single    ferric-ferrous    potential,    foi 
example,  can  be  represented  by  the  following  equation : ' 


E- 1.016  +  0.059  1 


in  which  E  is  the  potential  in  volts  and  the  bracketed  symbols  stand 
for  concentrations  of  the  respective  ions.  It  can  be  seen  that  at 
equal  t'oncentrations  of  ferric  and  ferrous  ions  the  second  term  van- 
ishes. The  value  1.016,  then,  represents  the  single  potential  of  the 
feme-ferrous  electrode  provided  the  normal  calomel  electrode  haa  a 
potential  of  0.560  volt.  The  electromotive  behavior  of  substances 
possessing  several  stages  of  oxidation  has  been  very  fully  studied  and 
discussed  by  R.  Luther.' 

There  can  bo  no  question,  then,  that  the  potentials  shown  by 
unattackable  electrodes  are  related  to  the  oxidizing  or  reducmg 
nature  of  the  solulions  in  contact  with  them,  and  further,  that  a  num- 
ber of  the  common  metalliferous  minerals  exliibit  initial  potential 
values  which  may  ob\'iously  be  referred  to  the  same  cause. 

These  facts  may  possibly  help  us  to  explain  in  part  the  electro- 
motive forces  noted  in  the  earth  by  Fox.  The  solutions  in  the  upper 
levels  of  ore  deposits  are  likely  to  be  oxidiziiig  and  acid,  but  with 
increase  in  depth  they  become  more  reducing  and  less  acid.  For 
these  reasons  isolated  portions  of  ore  in  the  upper  levels  may  possess 
a  higher  electric  potential  than  portions  in  the  lower  levels,  and  such 
detectable  electric  currents  as  might  be  caused  by  this  difference 
would  be  more  likely  to  take  a  vertical  than  a  horizontal  direction. 
Of  course  variations  in  the  nature  of  the  solutions  might  also  give 
rise  to  differences  in  potential  in  horizontal  directions.  However, 
the  presence  of  dissimilar  solutions  in  contact  with  ores  suggests  a 
very  probable  cause  of  differences  of  potential  in  the  earth. 

AVATT.ABTT.TTV-  OF  THE  COHBIKATIOKS  TO  FURNISH  OTTRBBNT. 

It  appeared  to  be  a  matter  of  practical  importance  to  determine 
whether  the  above  potentials  could  yield  currents  available  for  pro- 
ducing appreciable  chemical  action  or  whether  such  electrodes  are 
very  easily  polarizable.  This  question  was  according^  put  to  an 
experimental  test. 

There  seems  to  be  no  question  about  the  competency  of  an  oxidiz- 
ing solution  like  acidified  ferric  sulphate  to  furnish  a  noteworthy 
current  when  a  platinum  electrode  is  employed  as  a  cathode  and 
conjoined  with  any  unpolarizable  anode.  In  order  to  compare  this 
action  with  that  occurring  when  electrodes  of  pyrite  are  involved 

iBMNojes,  A.  A.,8ndBrBQii.B.F.,  The  equlUbrlumotlhe  mclkiD  between  maUlllcallTii  and  terlo 
Umie:  Am.  Chem.  Soc.  Jouj.,  vol.  »,  p.  ICQS,  l»l!. 
'Lath*r,  R.,  Zellscbr.  phyaikkl.  Chamlc,  toI.  U,  p.  V»,  l«a;  voL  36,  p.  38S,  IWl. 


I 


I 


OBNERAL  DISCUSSION  OF  PHENOICBNA. 


13 


H/K7>| 


the  following  experiments  were  performed:  In  one  beaker  was  placed 
an  acidified  solution  of  ferric  snlphatey  in  another  beaker  a  solution 
of  sodium  sulphide  (see  fig.  1),  both  solutions  being  approximately 
normal.  The  platinum  electrodes  measm*ed  2  by  2  centimeters. 
The  beakers  were  connected  by  a  wick  satu- 
rated with  normal  sodium  sulphate.  (See 
fig.  1.)  The  potential  of  this  combination  on 
open  circuit,  calculated  by  the  data  in  the 
table  on  page  10,  is  0.93  volt.  The  external 
circuit  was  completed  by  a  voltmeter  and 
suJSBcient  additional  resistance  was  introduced 
to  bring  the  total  resistance  of  the  circuit, 
including  the  resistance  of  the  liquid  (all  re- 
sistances being  actually  determined),  up  to  fioube  i.-Apporatus  for  study. 
3,000  ohnis,  which  is  comparable  to  the  resist-      ^  currents  produced  by  com- 

^  1      '        ,       .  r\_     1      .         .1  binatlons  of  soIuUgds  and  min- 

ance  OI  some  geologic  strata.      Un  clOSmg  tne        omls.    a,  B,  beakers  containing 

circuit  the  electromotive  forces  and  currents      »oiutiana;  k,  resistance;  v, 

,-         ,,1  ,     ^    At        t      A  A*  voltmeter;  W,  wick  or  tube. 

tabulated  below  were  noted,  the  electromotive 

force  stated  being  equivalent  to  the  fall  in  potential  over  the  whole 

circuit. 

(kddation  and  reducticm  current  with  platinum  electrodes. 


Time. 

EffeetiTe 
electromo- 
tive force. 

Current. 

0.1  minute 

1  TTiimit^ - .. 

VoU. 
0.96 
.94 
.94 
.88 
.76 

ampere. 
0.31 
.30 
.30 
.20 
.25 

5minutes 

10  minutes 

16  hours 

The  current  was  found  to  vary,  of  course,  with  the  resistance  of  the 
circuit.  As  it  continued  to  flow  reduction  ensued  at  the  cathode  and 
oxidation  at  the  anode,  thereby  equalisdng  the  differences  and  slowly 
lowering  the  potential  and  current.  It  was  not  thought  necessary 
to  extend  the  readings  further,  as  the  availabihty  of  the  combination 
to  furnish  a  noteworthy  current  was  shown.  Electrodes  of  pyrite 
were  then  substituted  for  the  platinum.  The  external  resistances 
were  lowered  to  bring  down  the  total  again  to  3,000  ohms,  when  the 
following  results  were  noted: 

Oxidation  and  reduction  current  with  electrodes  o/pi/rite. 


Effective 

Time. 

electromo- 
tive force. 

Current. 

MiUi-    . 

MinuUi. 

Volte. 

ampere. 

0.1 

1.04 

0.34 

1.0 

1.02 

.33 

5.0 

1.00 

.33 

10.0 

1.00 

.33 
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It  is  evident  from  these  results  that  chemical  differences  between 
solutions  axe  capable  of  producing  appreciable  currents  for  some  time 
whether  the  electrodes  are  of  platinum  or  of  a  conducting  mineral. 
The  polarization  appeared  to  be  a  little  greater,  in  fact,  with  the 
platinum  than  with  the  pyrite.  The  important  point  for  geologic 
application  is  that  the  chemical  differences  may  be  equalized  at  con- 
^dernble  distances  as  well  as  locally  by  electrolytic  action  when  the 
proper  circuits  are  present.  For  the  elucidation  of  other  similar 
combinations  of  solutions  and  minerals  the  following  additional 
experiments  were  performed,  all  the  Bolutions  being  approximately 
normal : 

Current*  productd  in  a  rircuil  of  3,1)1)')  nhm*  Tonttanc*  by  diffirenl  toiulitma. 


C«mbbul(Da. 


PlntlDum  /  potaidluia  t^hionie  ^  Boditim  sulphide  /  plBlhtiu 

Pyrll*  /  polasatmn  sHJonilii  /  (wUuni  sulphldn/  pjT[» 

PlatlDum  t  U'lil  rnrlF  eulpbatn  /  TfirTOus  mlpluis  /  plstirjuiii . 

PyrlW  /  ncW  lenie  julphaLu  /  (erroua  lulplule  I  pytll* 

PUIinuiD  /  [mtuasLum  chloilil*  /  wdhim  tulphide  /  plalinum 

PyrltB  /  palaulum  cblorlde  I  sodium  sulphide  /pjTlte 

Plstlnuin  /  sulphurlo  ncId  /  sodium  tiydroiMt ;  plaliniun  .. . 
Pyilie  /  sulphuric  acid  ;  sodium  hydroildo/  pyilia 

OkluiB  /  !:itl|ihuTlc  iu;id  /  sodium  hydRiiidey  galmn 


a  Negligible. 

As  the  same  conductors  were  used  on  each  Bide  of  the  above  combi- 
nations the  currents  developed  must  be  ascribed  to  the  effect  of  the 
solutions.  It  will  be  seen,  however,  that  only  those  solutions  which 
are  ordinarily  thought  to  be  capable  of  fairly  easy  oxidation  or  re- 
duction furnish  noteworthy  currents  with  platinum  electrodes.  Most 
other  solutions  quickly  polarize  the  platinum,  leaving  only  very  small 
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''raddual  currents"  flowing.  Such  ''residual  currenta"  are  ordinarily 
considered  to  be  due  to  the  fact  that  the  polarizing  substances  slowly 
diffuse  away  from  the  electrodes  while  the  supply  is  renewed  by  the 
current.  With  the  mineral  electrodes  the  polarization  is  a  little  less 
evident,  so  that  appreciable  currents  are  produced  for  some  time, 
and  with  solutions  that  are  also  capable  of  oxidation  and  reduction 
the  currents  may  equal  or  even  exceed  those  produced  with  platinimi 
electrodes. 

In  contrast  to  the  preceding  results  obtained  by  using  different 
solutions  it  was  foimd  that  the  currents  yielded  by  different  minerals 
in  the  same  solution  are  much  smaller,  being  more  of  the  order  of 
''residual  currents."  In  the  following  experiments  the  circuit  was 
similar  to  that  above,  except  that  the  wick  was  not  used  and  that  the 
two  minerals  were  dipped  into  the  same  solution: 

Currents  produced  by  different  mineraU  in  the  same  solution. 


Combination. 


Marouite  /  potenium  chloride  /  galena 

HaroMtta  /  potaailum  ehknide  /  pyrrboUte 

Pyrito  /  Bodiom  hydroxide  /  chaloocite 

Pyrite  /  aodiam  hydroxide  /  magnetite 

Pyrtte  /  potassium  chloride  /  magnetite 

Pyrite  /  capric  sulphate  /  galena 

Pyrite  /  potassium  chloride  /  pyrrhotite. . . . 


Minutes. 

Volt. 

0.1 

a20 

1.0 

.10 

£.0 

.00 

lao 

.06 

.1 

.18 

1.0 

.00 

6.0 

.03 

1.0 

.04 

5.0 

<.02 

1.0 

<.02 

1.0 

<.02 

1.0 

<.02 

1.0 

<.02 

Mail. 

ampere. 

0.07 
.03 
.02 
.02 

.06 
.04 
.018 

.013 
<.01 

<.01 

<.01 

<.01 

<.01 


Evidently  polarization  here  put  a  stop  to  the  action  in  a  moment 
or  so,  although  the  potentials  on  open  circuit,  as  shown  on  page  10, 
might  have  led  one  to  expect  appreciable  currents. 

In  order  to  proceed  further  in  the  elucidation  of  these  phenomena 
it  appeared  desirable  to  reduce  the  number  of  variables  by  considering 
each  electrode  separately.  It  follows  from  the  first  results  that  if  a 
solution  is  easily  oxidizablo  or  reducible  no  electrode  will  be  quickly 
polarized.  It  is  also  well  known  that  the  base  metals  dissolve  as 
anodes  with  very  little  polarization.  It  therefore  seemed  the  simplest 
way  to  set  up  cells  with  the  various  minerals  as  cathodes  and  a  piece  of 
zinc  or  copper  as  anode  and  record  the  polarization  at  the  cathode 
with  a  given  solution.  In  this  way  every  difference  but  that  of  the 
mineral  alone  was  eliminated.  The  results  in  potassium  chloride 
follow. 
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Polarization  at  thr  ealhode. 


The  minerals  have  been  arranged  in  the  order  of  increasing  poliiTiz»^^| 
bility  aa  cathodes.  Thb  polarization  doubtless  depends  partly  on  the  ^^ 
solubility  of  the  mineral  and  possibly  also  on  the  rate  of  solation  or 
diffusion,  but  whatever  may  be  ita  cause  the  experiments  indicate  an 
effective  difference  in  action  between  different  minerals.  The  same 
intensity  was  striving  to  evolve  potassium  (or  hydrogen)  in  every 
experiment,  but  the  mineraJs  show  different  abilities  to  combine  with 
or  remove  the  hydrogen.  The  order  is  roughly  that  of  the  effective 
oxidizing  power  of  the  minerals.  If  the  currents  had  been  smaller, 
the  polarization  would  have  been  less  until,  with  the  limiting  condi- 
tion of  no  current,  the  potential  would  represent  exactly  the  oxidizing 
intensity  of  the  cathode  system.  The  limiting  values  would  have 
theoretical  rather  than  practical  value,  however,  because  they  would 
contain  no  expression  of  the  efficiency  or  the  rate  of  the  action,  which 
b  significant  for  geologic  appUcation.  Moreover,  there  are  various 
difficulties  in  determining  the  limiting  values,  among  which  are  the 
facts  that  exceedingly  small  concentrations  of  certain  ions  determine 
the  results  obtained,  that  these  small  concentrations  are  not  repro- 
ducible without  rigorous  exclusion  of  air,  and  finally  that  the  minerals 
themselves  often  contain  impurities.  These  points  will  be  more  fully 
considered  under  the  headings  covering  the  separate  minerals. 

The  same  minerals  were   polarized  by  a  smaller  current — that 
obtained  with  copper.     The  results  follow. 
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at  the  eaiMode  ritft  a  copper  anode. 


Corabinatioii. 


I 


Pyrolasite  /  potassiiim  dUoride  /  copper 

Chalooeite  /  potatshxm  chloride  /  copper 

Maieisite  /  potatshxm  chloride  /  copper 

PTXTfaotite  /  potassium  chloride  /  copper 

Corellite  /  potassium  chloride  /  copper 

Pyrite  /  potassium  chloride  /  copper 

Qalena  /  potassium  chloride  /  copper , 

Platinum  /  potassium  chloride  /  copper 

•  Negligible. 


Minutmt.      V<4i 


0.1 
t.O 

tao 

.1 

1.0 
10.0 

.1 

1.0 
10.0 

.1 

1.0 
10.0 

.1 

1.0 
10.0 

10.0 

1.0 

1.0 
A.O 


aw 

.17 

.OK 

.M 
.(M 

.nt 
.rj 

.(IN 
.(M 

.2i 

.m 


.04 


(•) 


.04 


(•) 


.10 
.t« 

or 
.iv\ 

.10 

.<« 

At) 
.(H 

.((« 

.OJ 
.(M 

.m 

•  .01 


.01 


(-) 


.01 


(••) 


The  order  of  polarizability  here  shown  jh  about  the  Haino  ah  brfonv 
Fyrolusite  is  evidently  the  least  polarizable  cathode  in  poiaHNiiini 
chloride  solution. 

Now  using  pjrolusite  as  a  cathode,  other  inineralfi  worn  Htiidind 

anodes,  with  the  following  results : 

Polarization  nt  the  anode  in  potauium  rhUtride  nnlutinn . 


rombination. 


PTTDlusite  /  potassium  chloride ;  chalcipyrtt^ 


Pyitriusite  /  potassium  chlorH»    coT*Ilit*. 


PjTOhBite  /  potas«iTim  chlWi  >    yyri**! 


Pynriosite  "  pota««rxs3 '  r.ivr:'!*    KAij^ri*.* 


PjTOlndte  ,  poiav^'TS  '.r.i-yr.>    I'/A 


MlnutMi, 

Voll 

0  1 

10 

0  II 

0  '« 

*n 

.1 

i            1  0 

1 

Vi 

Ml 

'      1 

1  '/ 

1 
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the  total  resistance  being  3,000  ohms,  as  in  all  these  experiments. 
Each  cell  was  of  the  form — 

Pyrite  /  acid  ferric  sulphate  /  potassium  chloride  /  mineral. 

The  results  are  tabulated  below  in  the  order  of  increasing  polariza- 
bility,  only  the  anodes  being  stated: 

Polarization  at  the  anode. 


Anode. 


Potassium  chloride  /  iron . 


Potassium  chloride  /  copper. 


Potassium  chloride  /  silver. 


Potassium  chloride  /  chaloocite . 


Potassium  chloride  /  galena. 


Potassium  chloride  /  pyrrhotite. 


Potassium  chloride  /  covellite. 


Potassium  chloride  /  marcasite. 


Potassium  chloride  /  chalcopyrite. 


Potassium  chloride  /  pyrite , 


Potassium  chloride  /  magnetite. 


Potassium  chloride  /  gold. 


Minutes. 


0.1 

1.0 

10.0 

.1 

1.0 
10.0 

.1 

1.0 
10.0 

.1 

1.0 
10.0 


1. 

10. 


1 

10 


.1 

0 
0 

1 

0 
0 


.1 

1.0 
10.0 

.1 

1.0 
10.0 

.1 

1.0 
10.0 

.1 

1.0 
10.0 

.1 

1.0 
10.0 


.60 
.60 
.60 

.30 
.39 
.30 

.30 
.35 
.35 

.39 
.33 
.25 

.33 
.25 
.16 

.25 
.24 
.22 

.23 
.06 
.03 

.21 
.19 
.16 

.19 
.14 
.06 

.10 
.08 
.03 


(°) 


MiUi. 
ampere. 


0.31 
.31 
.31 

.20 
.20 
.20 

.13 
.13 
.13 

.13 
.12 
.12 

.13 
.U 
.08 

.11 
.06 
.05 

.06 
.06 
.07 

.06 

.03 

<.01 

.07 
.06 
.05 

.06 
.04 
.02 

.06 

.03 

<.01 


(«) 


a  Negligible. 

Here,  one  may  say,  tlie  same  electromotive  force  was  striving  to 
deposit  oxygen  on  the  anode.  Tlie  order  in  w^hich  the  minerals  are 
arranged  in  the  table  is  therefore  the  order  of  their  effective  reducing 
power  (or  of  their  oxidizabihty)  under  the  conditions  of  the  experi- 
ment. The  results  show  a  wide  range  of  polarization.  That  currents 
smaller  than  0.01  milliampere  may  be  generated  for  long  periods  by 
the  less  favorable  combinations  has  bten  proved  by  several  tests.  As 
a  current  of  0.01  milUampere  could  deposit  1  miUigram  of  silver  a  day, 
it  can  bo  seen  that  even  currents  so  small  have  geologic  significance 
find  that  larger  currents  may  produce  noteworthy  chemical  eflfects. 
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But  the  chief  object  of  the  above  experimente  was  to  establish  the 
magnitude  of  the  currents  actually  produced  by  various  combinations 
as  compared  with  that  of  currents  generated  by  ordinary  galvanic 
cells.  On  viewing  the  results  as  a  whole  it  is  evident  that  different 
minerals  in  the  same  solution  are  much  less  efficient  than  combinar 
tions  containing  oxidizing  and  reducing  solutions.  This  difference 
may  probably  be  ascribed  to  the  fact  that  the  differences  in  con- 
centration produced  by  the  solution  of  different  minerals  are  neces- 
sarily small,  whereas  with  more  soluble  salts  the  concentrations  of  the 
effective  ions  are  enormously  greater. 

BLECTBIC  CUBRENTS  IN  THE  EABTH. 

In  the  earth  the  two  electrodes  and  wire  of  figure  1  might  have 
their  coimterpart  in  a  single  portion  of  ore  or  several  ores  in  contact. 
The  liquid  connection  might  consist  of  moist  rocks  or  vein  solutions. 
Many  possible  combinations  in  the  carth^s  crust  might  produce  elec- 
tric action.  By  a  judicious  use  of  the  imagination  it  is  possible  to 
perceive  that  this  action  might  ^ect  either  fairly  large  zones  or,  on 
the  other  hand,  might  contribute  to  the  development  and  alteration 
of  the  most  minute  particles  in  tiny  veinlets. 

In  the  preliminary  measurements  of  the  potential  shown  by  •vari- 
ous minerals  in  various  solutions,  tabulated  and  discussed  at  the 
beginning  of  this  paper,  it  was  recorded  that  some  of  the  minerals 
were  appreciably  attacked.  It  may  now  be  stated  that  there  are 
good  reasons  to  beUcvo  that  all  minerals  are  attacked  by  all  solu- 
tions, but  in  widely  varying  degrees.  For  example,  even  pyrite,  one 
of  the  least  attackable  sulphides,  is  affected  slowly  by  acidified  ferric 
sulphate.  The  action  results  in  the  production  of  ferrous  salt  in 
the  solution,  which  may  proceed  both  from  the  reduction  of  the  ferric 
salt  and  from  the  solution  of  a  part  of  the  iron  of  the  pyrite.  Experi- 
ments have  shown  that  a  dilute  acid  mixture  of  ferric  sulphate  and 
potassium  ferricyanido  causes  the  development  of  an  adherent  blue 
precipitate  on  pyrite,  as  well  as  on  marcasite,  chalcopyrite,  and 
pyrrhotite.  That  this  precipitate  adheres  in  a  very  thin  film  seems 
to  be  evidence  that  the  minerals  fimction  in  the  reaction. 

As  pyrite,  therefore,  is  capable  of  slowly  reducing  ferric  sulphate, 
it  is  obvious  that  any.  electric  action  which  could  arise  from  the  oxidiz- 
ing power  of  ferric  sulphate  would  occur  chiefly  on  account  of  the 
fact  that  pyrite  enters  into  direct  action  very  sluggishly — that  is,  the 
electric  reduction  of  the  ferric  solution  may  occur  far  more  readily 
under  some  circumstances  than  direct  reduction  by  the  pyrite.  With 
the  more  attackable  minerals  the  possibility  of  electric  action  would 
be  less  than  with  pyrite,  but  sufficient  experimental  evidence  has 
been  presented  above  to  show  that  appreciable  currents  may  b^ 
developed  by  various  combinations  of  solutvona  wAxoiXX'^x^,    '"^X^^jst^ 
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IB  ahnys  the  possibility  that  electric  action  may  be  a  more  ready 
mj  <rf  equalizing  chemical  differences  than  direct  action.  This  po»- 
ability  is  in  accord  with  the  statement  of  Becker  that  it  appears  to 
be  *  l*w  of  nature  for  available  energy  to  be  expended  as  rapidly  aa 
possble.  Accordingly,  chemical  energy  should  be  converted  into 
dectrio  energy  whenever  the  attainment  of  eqiiihbrium  would  be 
thoreby  hastened.  Becker  has  called  this  a  principle  of  maximum 
dlMpativity.' 

In  addition  to  tlie  ever-present  chemical  sources  of  electric  cur- 
tents  in  the  earth,  mention  may  be  made  of  the  fact  that  sulphides 
•re  capable  of  developing  thermoelectromotive  forces,  a  subject  which 
hBB  been  investigated  by  A.  Abt,'  who  gives  the  following  thermo- 
fllectlic  series: 

Abl'$  thfrmoeUftTv.  nerift. 


1,  Chalcopyrile. 

8.  Nickel  ore. 

2.  PyroluBile. 

9,  Arc-light  carbon 

8.  Bismulh. 

10.  Iron. 

4.  Zinc. 

11.  PyrrholitB. 

6.  Nickel. 

12.  Antimony. 

«.  Copper. 

13.  PyriW. 

7.  Cadmium. 

Diffosion  is  also  capable  of  developing  electrin  currents  and  is  the! 
cause  of  polentials  between  different  sohitions.  These  facts  are  suffir-  I 
<3ent  \Ai  justify  a  study  of  the  behav-ior  of  minerals  iinder  electric  ' 
inSuences. 

The  fact  that  appreciable  earth  currents  have  seldom  been  found 
at  any  ^ven  point  does  not  exclude  the  possibility  that  local  electric 
action  may  be  a  potent  agency  in  hastening  chemical  adjustments, 
or  that  very  small  currents  acting  for  long  periods  would  be  capable 
of  accomplishing  great  results.  Of  course  present  conditions  in  the 
earth  are  the  result  of  adjustments  and  readjustments  which  hare 
been  going  on  for  ages.  The  same  forces  are  avulable  now  as  always, 
but  ore  deposits  may  represent  the  result  of  very  long  sccujnulatiou. 
It  would  be  incorrect  to  say  that  the  electric  batteries  have  run  down, 
hut,  on  the  other  hand,  we  can  hardly  expect  to  find  batteries  in  the 
ffeld  comparable  In  intensity  with  those  which  we  can  construct  in 
the  laboratory.  The  laboratory  results  enable  as  to  detect  the  tend- 
encies at  work.  Where  the  action  is  distributed  over  a  vast  distance 
it  appears  that  even  the  best  experimentation  might  be  unable  to 
detect  the  action  going  on. 

It  will  be  desirable  to  discuss  separately  the  several  parts  of  such 
circuits  as  those  suggested,  consisting  of  various  solutions  and  min- 

>  Becker,  O.  P.,  A  nevlswol  thermochemistry;  Am.  Ji>iir.Scl.,3dwr.,  voLSl.p.  120,UM. 
•  Abt,  A.,  TbannoBlKtmmottva  fonie  of  soma  metil  oildM  and  mettl  ntlphldei  Id  omnblutlon  vttk 
oae  another  sad  v/th  simple  toetlll  ^th  UU*  i 
der  Pbyslk,  4tb  sar.,  vol.  2,  p.  au,  IWI. 
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fiTals.  The  p&rt  requiring  the  least  attention  for  the  present  purpose 
is  the  liquid  connection,  for  it  is  well  kno¥m  that  solutions  of  inor^ 
ganic  substances,  although  varying  in  conductivity  with  their  nature^ 
concentration,  and  temperature,  are  on  the  whole  good  conductors 
of  electricity.*  One  important  point,  however,  must  be  emphasized. 
A  current  in  a  solution  is  due  to  the  actual  movement  of  ions  through 
the  solution,  a  subject  thoroughly  studied  by  Hittorf  as  long  ago  as 
1850.  The  positively  charged  cations  move  in  one  direction,  the 
direction  usually  called  the  ''current/'  the  negatively  charged  anions 
in  the  opposite  direction.  It  follows  from  this  that  wherever  elec- 
tric currents  flow  in  liquid  circuits  the  cations  migrate  in  one  direc- 
tion, the  anions  in  another.  For  example,  an  electric  current  passing 
up  a  vein  solution  would  actually  consist  in  the  transport  of  cations 
upward  and  of  anions  downward  in  the  vein  solution.  Either  migra- 
tion or  interchange  of  ions  would  also  necessarily  occur  in  ''local 
action." 

BFFBOT  OF  A  CTJBBBNT  FROM   SOLUTION  TO  MINERAL. 

METHOD   OF   EXPERIMENT. 

A  current  flowing  from  a  solution  to  an  electrode  makes  a  cathode 
combination,  and  according  to  the  well-known  principles  of  electro- 
chemistry, must  be  accompanied  by  "reduction."  The  chief  ques- 
tion that  arises  is  whether  the  reduction  affects  the  constituents  of 
the  solution  or  the  mineral  forming  the  electrode.  Experiments  to 
determine  this  point  were  made  in  two  ways:  First,  fairly  large  cur- 
rents— several  himdredths  of  an  ampere — ^were  applied  from  an  out- 
side source;  second,  more  feeble  currents  were  employed — a  few  mil- 
liamperes,  such  currents  as  might  actually  be  generated  by  the 
combinations  already  described. 

EFFECTS  AT  THE  CATHODE  WITH  MODERATE  CURRENTS. 

Ferric  sulphate  solution  in  contact  with  pyrite  was  reduced.  In 
dilute  sulphuric  acid  hydrogen  and  a  trace  of  hydrogen  sidphlde  were 
evolved.  The  smooth  crystal  faces  of  the  pyrite  appeared  to  be 
irregularly  corroded,  minute  cavities  being  distributed  over  their 
surfaces.  Iron  was  electroplated  upon  pyrite  from  a  solution  of  fer- 
rous sulphate,  copper  from  cupric  sulphate,  silver  from  silver  sulphate, 
gold  from  a  solution  of  chlorauric  acid,  and  platinum  from  a  solution 
of  chlorplatinic  acid.  A  piece  of  pyrite  weighing  35  grams  was  made 
cathode  for  five  hours  in  a  weak  solution  of  sodiimi  carbonate  with  a 
current  of  0.04  ampere.  The  specimen  remained  bright  and  lost 
only  0.0025  gram.  Hydrogen  was  evolved.  From  caustic  soda  or 
sodiimi  sulphide  solutions  hydrogen  was  also  evolved,  but  very  little 

1  On  the  conductivity  of  mine  walls  and  veins  see  Bams,  Cari,  U.  S.  Qeol.  Survey  Moa«3,\^.^AE>\SSSL. 
The  reristanoeg  noted  were  of  the  order  of  thousands  of  ohma. 
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or  none  was  evolved  from  a  sohilion  of  eodiuni  polysulphide,  which 
suggests  tbafc  the  polyaiilphide  was  reduced  by  tlio  current.  With 
neutral  salt  solutions,  such  as  those  of  sodium  chloride  or  sodium 
sulphate,  the  solution  on  electrolysis  became  alkaline  around  ibe 
cathode, 

Marcasite  and  pjTrhotite  behaved  much  like  pyrit«  as  cathodes 
but  were  not  studied  in  detail.  Galena  in  sodium  sulphate  solution 
suffei-ed  some  mechanical  disintegration  tdong  cleavage  planes,  a  fact 
which  suggests  that  the  electric  polarization  may  extend  into  the 
minutest  capillary  spaces. '  As  a  result  of  the  action  sodium  sulphide 
was  formed  in  the  solution.  The  electrolysis  of  cathodes  of  galena 
in  normal  sodium  hydroxide  was  stated  by  Bernfeld  to  yield  one 
equivalent  of  metallic  lead  for  each  equivalent  of  sulphur  set  free  or 
passing  into  solution.' 

Magnetite  was  reduced  veiy  slowly  if  at  all  in  the  solutions  tried. 

Pyrolusite  ia  known  to  be  readily  reduced  when  acting  as  cathode, 
its  use  as  dtipolarizer  in  the  Leclanchfi  cell  depending  on  this  fact. 

EFFBtT3  AT  THE  CATHODE  WITH  FEEBLE  CURRENTS. 

Ferric  sulphate  iu  contact  with  p3Tite  was  reduceid.  Gold,  plati- 
num, silver,  and  mercury  were  precipitated  from  their  soluble  salts 
in  metallic  form  on  pyrite.  The  products  resulting  from  sulphuric 
acid  with  pyrito,  as  far  as  they  could  be  identified,  wera  hydi-ogen, 
some  hydrc^en  sulphide,  and  ferrous  sulphate.  Ilie  pyrite  appeucd 
to  remain  bright  and  tmtamished,  however.  With  sodium  chloride 
and  pyrite  hydrogen  was  evolved  and  the  solution  became  alkaline 
and  showed  a  trace  of  soluble  sulphide.  When  cupric  sulphate  was 
electrolyzed,  if  the  solution  was  neutral,  some  copper  was  deposited; 
but  under  the  microscope  the  copper  was  seen  to  shade  off  into  a 
dark-colored  deposit  of  microscopic  cubic  crystals  which  were  too 
small  to  be  identified  with  certainty.  A  white  precipitate,  presuma- 
bly basic  sulphate,  was  also  formed  in  the  solutioo.  No  evolution  of 
gas  occurred.  In  a  solution  that  was  weakly  acid  and  free  from 
chlorides  copper  was  the  first  visible  product  olwervable  on  the  pyrite. 
In  the  presence  of  chlorides,  however,  a  film  consisting  of  microscopic 
tetrahedra  appeared  on  the  surface  of  the  pyrite,  and  this  film  proved 
to  be  cuprous  chloride. 

The  time  at  my  disposal  has  not  been  sufficient  to  enable  me  to 
make  some  other  experiments  of  this  Idnd,  especially  with  feeble 
currents,  and  the  efifects  obtained  might  in  some  experiments  differ 
from  the  effects  produced  by  larger  currents  on  account  of  the  slow 
rate  at  which  the  very  insoluble  minerals  react  with  cold  solutions. 

>  Bemleld,  1.,  Studiea  ilb«r  SchwifelmstiilJeleklradeti:  Zellschr.  phyilksl.  Cbemie,  vol.  ZS,  p.  G3,  UU. 
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The  experiments  made  indicate  that  the  changes  consist  principally 
in  a  reduction  of  the  constituents  of  solutions  in  contact  with  pyrite. 
Other  possible  effects  are  the  deposition  of  free  metals,  the  formation 
of  hydrogen  sulphide,  the  development  of  alkalinity,  or  the  evolution 
of  hydrogen  or  hydrogen  sulphide.  The  sulphides  at  least  are  much 
more  resistant  as  cathodes  than  as  anodes,  as  will  be  next  shown. 

EFFECT  OF  A  CUBBSNT  FROM  MINERAL  TO  SOLUTION. 

When  sulphides  function  as  anodes  they  are  attacked  much  more 
vigorously  than  when  they  function  as  cathodes.  Thus  pyrite  lost 
fifty  times  as  much  in  weight  with  the  same  current  when  anode  as 
when  cathode  in  dilute  sodium  carbonate  solution,  and  seven  times 
as  much  in  dilute  nitric-acid  solution.  Pyrrhotite  lost  seven  times 
as  much  when  anode  in  sodium  sulphide  solution  as  when  cathode. 

The  loss  of  weight  of  a  pyrite  anode  in  a  solution  of  sodium  car- 
bonate, in  spite  of  the  fact  that  it  became  coated  with  ferric  hydrox- 
ide, must  have  been  due  to  oxidation  and  solution  of  the  sulphur, 
which  was  converted,  in  part  at  least,  into  sulphate,  thus  showing 
that  both  constituents  of  the  pyrite  were  oxidized.  Anodes  of  pyrite 
in  a  solution  of  sodium  sulphide  were  hnmediately  blackened  by 
ferrous  sulphide,  which  was  formed  as  soon  as  current  was  applied. 
A  pyrite  anode  in  a  solution  of  copper  sidphate  became  coated  with 
black  iridescent  copper  sulphide.  Under  similar  conditions  with  a 
solution  of  ferrous  sulphate,  the  anode  suffered  very  little  change  in 
weight  and  extremely  slight  discoloration,  the  chief  effect  of  the  cur- 
rent consisting  in  the  oxidation  of  the  ferrous  sulphate.  As  compared 
with  its  behavior  in  a  solution  of  sodium  sulphide  or  any  other  metallic 
salt  the  behavior  of  pyrite  in  a  solution  of  ferrous  sulphate  suggests 
a  sort  of  simultaneous  decomposition  and  regeneration  of  the  pyrite, 
the  net  result  being  hardly  noticeable. 

In  acid  solutions  no  oxygen  was  evolved  on  anodes  of  pyrite  with 
currents  of  slight  intensity.  Instead,  iron  passed  into  solution  as 
ferric  salt.  Part  of  the  sulphur  was  oxidized  to  sulphate;  the  rest 
remained  on  the  anode  in  the  free  state.  The  electrode  was  notice- 
ably tarnished  by  films  of  various  shades — gray,  purple,  and  black — 
the  color  changing  in  the  order  indicated  as  the  experiment  was 
continued. 

In  some  of  these  experiments  higher  potentials  were  applied  than 
those  produced  by  natural  combinations,  and  the  results  must  be 
judged  accordingly  and  taken  as  suggestions  of  the  tendencies  at 
cathode  and  anode  respectively.  Further  study  along  this  line  should 
be  made  by  those  who  are  interested  in  special  problems  likely  to  be 
related  to  the  phenomena. 
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ELBCTRIC  CONDtrcrrVITY  OP  MIKBBALB. 


Anotlur  part  of  the  suggested  cii-cuit  is  formed  by  the  mineral 
oonduotoTB.  Fox,  whose  curly  study  of  the  electric  activity  of  miner&I 
veins  has  already  been  citt-d,  determiiied  thatpyrif*,  arsenical  pyrite, 
galena,  pyrolusite,  and  tetrahedrite  are  conductors  of  electricity; 
Out  molybdenite  is  a  very  imperfect  conductor;  and  that  argentite, 
einuabar,  etibnite,  bismuthinite,  realgai-,  and  blende  are  noncondiio- 
tras.  liEter  observers  added  other  minerals  to  these  categories  from 
tame  to  time. 

A  very  complete  list  of  conducting  minerak  has  recently  been 
compiled  by  H.  A.  Wentworth '  from  a  study  of  their  behavior  during 
.  eleotroetatio  concentration.  The  theory  of  electrostatic  separation 
is  that  fine  particles  of  most  substances  are  attracted  towai-d  an 
electrically  charged  body,  but  that  only  those  that  are  conductive 
win  acquire  the  same  charge  and  be  repelled.  If  tliia  theory  is  cor- 
■  reel  it  should  be  possible  to  set  down  a  list  of  the  conductive  minerals 
by  ol»erving  their  electrostatic  behavior.  Weutworth's  hst  is 
followa: 

Cotidurling  and  nonconiiuetiiig  ininmU. 


I 


Good  Mmdneton. 


Aigantita 

OUeua 

Psiloiaelane                       ' 

Anenic,  nstivs 

Omphite 

PymiKyrite 

Pyrite 

Bismulh,  native 

Hematite 

Pyrolusite 

Bismuthinite 

llmenite 

Pynholil* 

Bomite 

Janieeonite 

Redruthite 

Btookite 

I.eucopyrilfl 

Silicon 

Calaverite 

LinnfEil© 

Smaltile 

Carborundum 

Magnetite 

Sperrj-lite 

Chaleopyrita 

MLLDganite 

Stannite 

Chalcocite 

Mitfcasite 

Stephanite 

CobftlUte 

Mercury,  native 

Sylvanite 

Copper,  native 

Milierile 

Tellurium 

Covellit« 

Molybdenit* 

Tetrahedrite 

Enaigite 

NiccoUte 

Wad 

FeiTosilicon 

PenOandite 

Wolframite 

Franklinite 

ProuBtite 

Poor  ooadDotan. 

Zincit« 

Zinc  blende 

Garnet 

Nearly  all  the  silicatM,  cor- 

Quartz 

Apatite 

bonatee,  and  sulphatee. 

Feldspar 

Rutile 

Moat  of  the  aLlicooua  rocks. 

Epidote 

>  Wentworth,  H.  A..  ElectrotlW 

«e:  Am.  InaL  Mia.  Eng.  Boll.  It, 

p.S42.igi2. 
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The  tables  of  Landolt-Bdmstein-Meyerhoffer  (1905)  give  the  fol- 
lowing values  for  the  conductivities  of  a  few  minerals  and  conducting 
solids  in  reciprocal  ohms. 

Conductivity  of  minerals  in  reciprocal  ohms. 


Substance. 


Mvcuiy 

Pbfl.... 

Siberian  grsphite 

Nickel  ore 

PyiThoClte 

Co^  powder 

¥ac^tite! !!!!!'.! 

Hematite 

Cbaloopyrite 

MnOs 

CoiOi 


Tempera- 

C 

<mductiv- 

ture. 

ity. 

•c. 

25 

10,386 

20.7 

3,470 

15 

820 

20 

313 

20 

119 

0 

91 

0 

8.98 

19 

1.68 

0 

{ 

1.24 
2.41 

20 

.98 

0 

.16 

18 

•• 

.013 

The  data  in  the  table  are  obviously  scanty  and  in  part  indefinite. 
Large  variations  are  to  be  expected  on  accoimt  of  inclusions,  and 
small  quantities  of  a  second  constituent  may  be  sufficient  to  trans- 
form a  nonconducting  mineral  into  a  fair  conductor;  sphalerite,  for 
example,  seems  to  possess  conductivity  by  virtue  of  its  content  of 
ferrous  sulphide. 

It  was  pointed  out  by  Braim^  that  the  conductivity  of  some 
minerals  is  a  function  of  the  direction  and  time  of  passage  of  the 
current.  Dufet*  took  exception  to  these  conclusions,  which  were 
supported  later,  however,  by  the  work  of  Bernfeld '  on  galena. 

Tlie  conductivity  of  some  sulphides  increases  with  a  rise  of  tempera- 
ture, as  in  electrolytic  conductors,  the  behavior  of  silver  sulphide  in 
this  respect  having  been  noted  by  Faraday.*  The  suggestion  has 
been  made  that  the  passage  of  a  current  in  these  sulphides  causes 
them  to  decompose  into  their  elements,  but  no  such  decomposition 
could  be  observed  by  Bernfeld  with  galena.  In  some  experiments 
heretofore  made  the  contacts  used  in  moimting  sulphides  for  tests 
have  been  the  chief  source  of  irregularities  in  their  conductivity.*  At 
high  temperatures  even  silicates  possess  appreciable  electric  conduc- 
tivity. It  thus  appears  that  a  very  large  number  of  minerals  are 
susceptible  to  electric  influences. 

1  Braun,F.,Ueber  dio  Stromleitung  durch  Sctiwefolmetalle:  PoggendorfTs  Aimalen,  vol.  153,  p.  556, 1874. 
s  Dufot,  H.,  Sur  la  conductibilit^  dlectrique  de  la  pyrite:  Compt.  Rend.,  vol.  81,  p.  628, 1875. 
*  Bernfeld,  I.,  Studien  tlber  Schwefelmetallelektroden:  Zeitschr.  physikal.  Chemie,  vol.  25,  p.  50, 1808. 
<  Poggendorfl's  Azmalen,  vol.  31,  p.  242, 1834. 

»  Ha3res,  H.  V.,  Note  on  the  electrical  conductivity  oX  argentic  sulphide:  Am.  Acad.  Arts  and  Sci.  Proc^ 
▼oi.  46,  p.  613, 1910. 
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DETAILED   STUDY  OF  VARIOUS  POTENTIALS.  1 

GBNERAI.  RESULTS  OF  THE  MEASUHEUENTS.  f 

Tlie  object  so  far  baa  been  to  eatabliab  and  exemplify  the  proposi- 
tion that  electric  currents  may  be  generated  in  the  earth  and  bring 
about  chenucal  effects.  We  must  now,  somewhat  more  theoretically, 
consider  the  relations  between  electromotive  forces  and  mineral, 
and  must  attempt  to  explain  them  consistently  and  point  out  the 
conditions  under  which  they  are  constant  and  reproducible.  In  this 
coDQDCtioti  it  may  be  mentioned  that  measurements  of  electromotive 
force  are  quantitative  expressions  of  physical  or  chemical  differences 
between  different  systema — differences  made  e^-ident  by  &  proper 
separation  of  the  systems.  When  the  systems  are  properly  separated 
the  tendency  toward  electric  equalization  between  them  may  eaaily 
be  measured.  By  union  or  mixture  of  the  systems  the  differencfis 
would  generally  be  equalized  without  visible  electric  action. 

The  most  general  statement  that  can  be  made  about  the  potentials 
shown  by  minerals  in  different  solutions  is  that  the  potentials  are 
chiefly  determined  by  the  solutions.  Without  denying  that  there 
may  be  specific  effects  duo  to  the  minerals  themselves  it  may  be  posi- 
tively stated  that  tho  effect  produced  on  the  potentials  by  changing 
the  solutions  is  enormously  greater  than  tho  effect  of  changing  the 
minerals.  This  is  of  course  due  partly  to  (ho  fact  that  wide  varia- 
tions in  llii>  concent  rations  of  the  effective  constituents  are  possible  in 
different  solutions. 

The  very  great  similarity  of  all  the  potentials  noted  with  mineral 
electrodes  to  "oxidation  and  reduction"  potentials  has  already  been 
pointed  out.  When  substances  capable  of  giving  such  potentials  to 
inert  electrodes  are  present  in  relatively  large  amount  in  a  solution  in 
contact  with  minerals,  very  constant  potentials  may  generally  be 
developed,  but  the  action  of  the  mineral  is  then  scarcely  more  than 
that  of  an  electric  conductor,  aa  the  amount  of  oxidizable  or  reducible 
material  in  the  solution  is  so  large.  Such  combinations  are  not 
adapted  to  show  differences  between  minerals,  although  the  data  ob- 
tained by  the  experiments  may  aid  in  elucidating  the  chemistry  of  ores. 
The  following  values  were  obtained  with  various  iron  sulphides  in  a 
mixture  of  ferric  and  ferrous  sulphates.  The  measurements  were  all 
made  by  tho  usual  compensation  method  of  Foggendorff,  and  the 
values  of  tho  single  potentials  are  referred  to  the  normal  calomel  elec- 
trode without  correction  for  liquid  potentials.  The  minerals,  sup- 
ported by  suitable  clamps,  were  partly  immersed  in  the  solutions  and 
connection  was  made  to  the  calomel  electrode  by  a  U  tube  filled  with 
normal  potassium  chloride. 
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PoterUiah  shown  by  iron  tulpkides  infernc-farroug  iulphaU  solutions . 


Substance. 


Time. 


^FeB04  (0.1  ncrmal ) . . . 
Fei(S04)B  (0.1  normal). 
H^04  (0  J8  normal) . . 


Pyrite  from  Elba  in  same  solution. 


I^ritB  ocdleeted  by  Jul  icn 

Ifanasite  from  Joplin 

PjrrhoCite  from  Ducktown 

luKUite  cdlected  by  Howell 

Nodule  tram  Florida 

Pyrite  in  above  solution  diluted  10  times 

lumsite  in  above  solution  diluted  10  times. . 
PyirttoUte  in  above  solution  diluted  10  times. 

^FeS04  (0.06  normal) 
Fei(804)«  (0.066  normal) 
H1SO4  (0.102  nannal) 


1 

12 

29 

120 

1 

7 

78 


1 

32 

45 

a  24 


Volt. 


0.039 
.935 
.939 
.926 
.983 
.925 
.929 
.939 
.934 
.932 
.932 
.939 
.946 
.940 
.908 
.850 
.852 
.852 
.866 


o  Hours. 


These  results  show  that  under  the  conditions  of  the  experiments 
the  ferrio-ferrous  potential  practically  overcame  any  diflFerences  in 


S.  Solution 
P.  Paraffine 

FIOUBK  2.— Method  of  supplying  fresh  solution  to  mineral  electrodes  without  affording  access  of  air. 

the  iron  sulpliides.  In  one  experiment  pyrrhotite  gave  a  lower  value, 
presimiably  because  of  the  reduction  of  ferric  salt  by  the  hydrogen 
sulphide  formed.  That  a  similar  effect  occurred  to  a  lesser  degree 
with  the  other  sulphides  is  at  least  suggested  by  the  fact  that  the 
values  are  slightly  lower  than  those  computed  by  the  equation  on 
page  12,  although  it  is  difficult  to  make  a  good  evaluation  of  the 
ionic  concentrations  in  the  rather  concentrated  sulphate  solutions. 
The  suggestion  that  the  sulphides  slowly  reduce  ferric  sulphate  is  cor- 
rect, however,  if  less  concentrated  solutions  are  employed,  and,  as 
wilj  be  shown  later,  ferric  sulphate  is  incompatible  with  most  STil- 
phides. 


Sd  ELECTBIC  ACnVlTT  IN  ORE  DEPOSIT'S. 

An  effort  was  made  to  del-entiine  some  potentials  in  a  neutral  solu- 
tion of  ferrous  sulplitite  wholly  free  from  ferric  salt.  For  this  purpose 
a  concentrated  solution  of  ferrous  sulphate  was  prepared  and  pre- 
een'ed  in  contact  with  iron  wire  in  a  closed  flask  fitted  with  a  siphon. 
An  atmosphere  of  carbon  dioxide  was  maintained  in  the  flask  (fig.  2). 
This  solution  could  be  delivered  to  tubes  in  wliich  the  electrodes  were 
placed.  For  the  sake  of  comparison  a  smooth  platinum  electrode  was 
introduced  Into  a  third  tube.  From  time  to  time  fresh  solution  waa 
allowed  to  flow  over  tlie  minerals.  At  first  bubbles  of  gas  appeared 
on  the  sulpliides,  but  in  the  course  of  time  these  dissolved.  The 
results  are  stated  in  columns  headed  "A,"  under  the  headings  "Pj- 
rite"  and  "Mai-caaite."  To  test  whether  the  platinum  wires  obscured 
any  effect  of  the  sulphides,  specimens  of  the  sulphides  were  attached 
to  platinum  wire  and  the  exposed  platinum  was  tlien  wholly  covered 
with  paraBin.  These  specimens  gave  the  results  shown  in  the  col- 
umns headed  "B,"  under  "Pyrite"  and  "Marcasitc,"  which  are  prao 
tically  identical  with  those  shown  in  the  columns  headed  "A." 


PotmtiaU  in 

3.7  Tvmaal/tirtn 

^IphaU. 

Pjdl* 

««-«t.         1 

(MaoL.  . 

^ 

fi 

k. 

B 

'.at 

1 
1 

.43 

V<M. 

-"s 

.».       p.« 

10 
08 

1 

IB 

YclL 

I 

u 

o.n 

-M 

■  N 

'a 

Although  no  satisfactory  explanation  of  these  results  can  be  given, 
it  appears  that  pyrite,  marcosite,  and  platinimi  present  do  significant 
differences.  Evidently  such  changes  as  were  going  on  in  the  solutions 
were  influenced  in  only  a  secondary  way  by  the  minerals.  Galena, 
however,  appeared  to  maintain  a  more  constant  value.  The  values 
may  possibly  be  interpreted  as  ferric-ferrous  potentials,  in  which  the 
concentration  of  ferric  salt  was  reduced  to  a  constant  point. 

The  following  potentials  were  obtained  in  normal  sodium  hydro- 
sulphide  saturated  with  hydrogen  sulphide  at  atmospheric  pressure. 
The  specimens  were  supported  in  small  bottles,  as  shown  in  £gure  3, 
the  platinum  wire  being  well  paraffined  and  the  bottles  closed  except 
when  measurements  were  made. 
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Potential*  in  Tionnat  (odium  hsdmtulphide. 
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To  assume  that  the  small  differences  here  shown  should  bo  ascribed 
to  differences  in  the  respective- minerals  would  be  unwarranted. 
Rather  it  appe<>rs  that  the  minerals,  as  well  as  platinum,  merely  sorveH 
as  conductors  for  the  attainment  of  a  fairly  constant  potential  of  the 
sodium  hydrosulphide.  Under  these  conditions,  although  the  minerals 
ue  in  a  polarized  state,  there  is  little,  if  any,  indication  that  one 
mineral  ia  more  stable  than  another.  Elec- 
tric activity  under  these  rircumstances  would 
affect  chieBy  the  solution  rather  than  the 
miueralB. 

Many  attempts  were  made  to  obtain  char- 
acteristic potentials  of  the  different  minerals 
in  the  absence  of  such  pronounced  oxidizing 
and  reducing  solutions  as  those  above  men- 
tioned. 

The  only  positive  results  obtained  at  first 
were  that  one  group  of  sulphides,  including 
pyrite,  marcasitc,  and  chalcopjTite,  gave  po- 
tentials higher  by  one  or  two  tenths  of  a  volt  fiqdki  s.-HBit  ceii  of  mim-rei 
than  another  fjroup  which  included  pj-rrhotito  »ii3p™'i«i  'n  a  «ii"iioQ  i™  oi>- 
and  galena.  i\one  of  the  specimens  of  sphal- 
erite examined  had  enough  conductivity  to  yield  a  result.  In  attcniiit- 
ing  to  differentiate  p>Tite,marcasite,  ami  chalcopyrito  it  was  found  that 
the  differences  between  tho  inuierals  were  of  tho  same  onler  a.H  the  dif- 
ferences between  different  s]>e(^imens  of  tho  same  mineral,  and  that 
noneof  their  potentials  was  much  roniovcil  from  that  shown  by  smooth 
platinum  similarly  treated.  fJf  course  all  niincnilH  have  some  solu- 
bility, so  that  no  matter  what  other  sulwtancftj  there  may  Iw  in  a 
solution  the  products  resulting  from  the  minerals  must  also  bo  i)rcs<nit. 
As  these  products  are  in  goncnd  oxidiziible  or  reducible  i<nis,  the  con- 
clusion is  inevitable  tliat  tho  potential  of  most  miticruls  will  be  of  tho 
nature  of  an  oxidation  and  reduction  potential.  We  thus  return  t4> 
the  thought  that  even  if  the  minerals  have  sptH^ific  ]K>t«iitial  diffor- 
ences  the  effect  of  their  solution  pn)ductH  on  the  potential  can  not  be 
neglected,  and  thin  effect  may  in  fact  be  all  there  w  to  the  "potential 
of  a  mineral"  in  water.  If  pure  water  cohM  be  saturated  with  only 
the  solution  products  of  a  pure  mineral  the  problem  ■wo^A^V  "o^  ti«a."3  ^ 
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but  in  practice  the  complete  removal  of  foreign  substances  from  the 
water  and  the  mineral  is  extremely  difBicult  if  not  impossible. 

The  potential  shown  by  some  specimens  of  a  given  mineral  depends 
considerably  on  the  previous  treatment  of  the  specimens,  the  explana- 
tion of  the  differences  foimd  bemg  that  if  a  mineral  is  long  immersed 
in  a  solution  some  of  the  solution  penetrates  its  invisible  pores  and 
subsequently  diffuses  put  very  slowly  when  the  mineral  is  placed  in 
another  solution.  When  once  the  pores  are  filled  with  water  or  an 
indifferent  electrolyte  the  mineral  is  almost  as  responsive  as  a  plat- 
inum electrode  to  changes  in  acidity  or  concentration  of  the  solution; 
that  is,  to  such  changes  as  determine  the  equilibria  of  the  effective 
ions  in  the  solution. 

To  what  extent  observed  potentials  may  be  ascribed  to  minerals, 
as  distinguished  from  the  solutions  in  contact  with  them,  will  best 
appear,  however,  from  the  detailed  measurements  that  follow. 

MEASUBEMBNTS    OF   POTENTIAL  ASSUMED   BY   OEBTAIN 

lONEBALS. 

PYROLUSITE. 

Electrodes  of  manganese  dioxide  were  studied  by  Tower,^  who  pre- 
pared them  by  precipitating  manganese  oxide  upon  platinum  anodes 
by  electrolysis.  In  order  to  develop  a  theory  of  the  potential  of  the 
electrode,  the  solution  bathing  the  electrode  was  assumed  to  contain 
manganous  ions.  The  possible  presence  of  manganese  ions  of  higher 
valence  was  apparently  not  considered  by  Tower.  He  proved  that 
the  potential  of  such  electrodes  depends  on  the  concentration  of  acid 
and  manganese  salt  in  the  solution,  the  effect  of  acid  being  fourfold 
that  of  the  manganese  salt.  An  increase  of  acid  raises  the  potential; 
an  increase  of  manganese  salt  lowers  it.  Some  of  his  values  are  given 
in  the  following  table: 

Potential  of  manganese  dioxide  in  various  solutions  at  14^  C.  as  determined  by  Tower, 

Volts. 

0.1  normal  NaOH 0. 70 

0.0125  normal  NaOH 75 

0.00156  normal  NaOH 80 

0.000391  normal  NaOH 84 

Neutral  0.01  normal  Mn(N03)o 87 

0.00195  normal  HzSO^,  0.2  normal  Mn(N03)2 1. 44  . 

Normal  H2SO4,  0.1  normal  Mn(N03)2 1.  72 

Normal  H2SO4,  0.000391  normal  MnS04 1-80 

0.000977  normal  BJ&O^,  normal  MnSO^ 1. 44 

0.99  normal  H2SO4,  0.000782  normal  MnSO^ 1. 79 

A  number  of  measurements  were  made  by  the  writer  on  natural 
specimens  of  various  oxides  of  manganese,  some  of  which  were  said 
to  be  pyrolusite  and  others  known  to  be  manganite,  but  the  poten- 
tials observed  agreed  only  in  part  with  those  recorded  by  Tower. 

1  Tower,  O.  F.,  StudfenaberSuperoxyd-Elektioden:  Zeitachr.  physikaL  Chemle,  vol.  18, pp.  17-^,1806. 
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The  foUowing  values  were  noted  with  small  spBnters,  said  to  be 
pyrolusite,  from  Germany.  Constancy  was  obtained  in  from  half  an 
hour  to  an  hour. 

Potential  of  small  splinters  said  to  be  pyrohisUe. 


Klectrolyte. 


0.1  normal  NaOH.  saturated  with  the  mineral. 

a0&25  normal  NaOH 

0.00825  normal  NaOH 

aw  Donnal  HtB04, 0.00078  normal  MnSO« 

0.00781  normal  HtSOi,  0.0092  normal  Mn60«. . . 


2 


VoUi. 

0.70 

.75 

.77 

1.79 

1.54 


a  Indefinite. 

1.  Potential  obtained  by  me. 

2.  Eleetrolytio  MnOs,  Tower,  O.  F.,  op.  cit. 

In  explanation  of  these  results  it  should  be  mentioned  that  pyro- 
hisite  is  not  a  well-crystallized  species.  The  crystalline  native  man- 
ganese dioxide  is  pollianite,  which  could  not  be  obtained  for  study. 
A  massive  specimen  of  pyrolusite  from  Rio  Apache,  N.  Mex.  (U.  S. 
National  Museum  No.  8424),  gave  the  following  potentials: 

Potential  of  massive  pyrolusite  from  Rio  Apache^  N.  Mex. 


Electrolyte. 

1 

2 

O.W781  n<«Tni^I  Hjfl<^i.  (>nXI7  nnrmftl  MnAOi       ... 

VolU. 
1.22 
.96 

VoUs. 
1.54 

OrOOffiW  normal  T^ftHH 

.76 

1.  Potential  ol>tained  by  the  writer. 

2.  Potential  obtained  for  MnOj  by  Tower,  op.  cit. 

This  specimen  did  not  come  to  constancy  quickly  as  did  Tower's 
electrodes  on  platinum.  Another  difficulty  with  this  mineral  was 
due  to  capillarity  as  manifested  in  the  tendency  of  the  solution  to 
rise  up  through  the  mineral  and  wet  the  holder. 

A  very  excellent  specimen  of  crystallized  manganite  from  Ilefeld, 
Hanover,  Germany  (U.  S.  National  Museum  No.  45630),  proved  to 
be  too  nonconducting  to  permit  measurements  to  be  made.  Another 
specimen  of  the  same  mineral,  however,  which  had  a  radiating 
structure,  from  MarkhamviUe,  Kings  Coimty,  New  Brunswick  (U.  S. 
National  Museum  No.  45711),  was  sufficiently  conducting.  When 
this  manganite  and  the  pyrolusite  previously  mentioned  were  im- 
mersed in  the  same  solution  the  values  shown  were  as  follows : 

Potential  of  manganite  and  pyrolusite. 


Kleotrolyte. 

Manganite. 

Pyrolusite. 

Normal  KCl,  0.01  normal  MnSOi,  0.01  normal  H»S04 

Voits, 
1.06 

Fflltf. 

La 

Nonnal  KCl'. .' 

Lll 

—^^ 
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The  above  values  are  at  least  in  the  duection  which  would  be  ex- 
pected— the  higher  potential  for  the  higher  oxide.  The  potentiab 
obtained  in  a  solution  of  potassium  chloride  in  the  presence  of  air  are' 
the  highest  observed  with  any  of  the  minerals  investigated  and  indi- 
cate thati  when  coupled  with  any  other  mineral  in  the  presence  of  air^ 
the  manganese  mineral  would  be  the  cathode;  that  is,  the  other  min- 
eral would  be  oxidized  by  electrolytic  action,  if  It  occurred.  It  was 
found  that  p3nx>lusite  is  far  less  easily  polarized  as  cathode  than  the 
other  minerals  studied,  a  fact  which  is  perfectly  consistent  with  the 
use  of  p3nx>lusite  as  a  depolarizer  in  the  wall-known  T^M^UnioM 
battery. 

'  FTBTTB. 


The  preliminary  observations  on  pyrite  showed  that  its  potential  is 
chiefly  dependent  on  the  nature  of  the  solution  in  whioh  it  is  immersed. 
In  order  to  determine  the  effect  of  changes  in  the  concentration  of 
these  solutions  the  following  experiments  were  performed: 

A  fresh  specimen  was  immersed  in  tenth  normal,  hundredth  nonnal, 
and  thousandth  normal  sulphuric  add  successively,  each  solutioii 
containing  about  one-fifth  of  1  per  cent  of  ferrous  sulphate.  The 
three  potentials  were  0.82,  0.83,  and  0.82  volt,  jcespeotively,  showing 
at  most  a  very  slight  dependence  on  the  add  concentration.  But 
with  siinilar  variations  in  the  ferrous  sulphate  content  of  the  sohitioii 
the  potentials  were  0.78,  0.81,  and  0.84  volt,  respectively.  The 
ferrous  sulphate  solutions  each  contained  a  small  amount  of  sul- 
phuric acid.  The  differences  caused  by  a  tenfold  change  in  content 
of  ferrous  ion  are  decidedly  greater  than  those  resulting  from  changes 
in  acidity.  Similar  results  were  obtained  with  ferric  sulphate,  the 
potentials  being  1.04, 1.08,  and  1.11,  respectively.  The  potentials  in 
even  dilute  ferric  sulphate  are  strikingly  high.  These  results  furnish 
valuable  suggestions  for  the  interpretation  of  the  phenomena.  When 
ferrous  and  ferric  salts  are  present  together  we  are  apparently  deal- 
ing, in  part  at  least,  with  a  ' 'ferrous-ferric''  potential,  as  was  pointed 
out  on  page  27. 

The  potential  of  pyrite  is  plainly  affected  by  changes  in  the 
hydroxide  or  sulphide  concentration  of  alkaline  solutions,  the  record 
presenting  a  marked  contrast  to  that  obtained  by  changes  in  acid 
solutions.  The  following  results  show  the  variation  caused  by 
tenfold  changes: 


Potential  of  pyrite  in  alkaline  solutions. 

Solution. 

NaOH. 

NajS,. 

Nonnal 

Volt. 

0.32 

.38 

.44 

.51 

Volt. 
—0.07 

0.1  normal 

—  .01 

0.01  normal 

+  .09 

0.001  normal 

+  .16 
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Similar  effects  were  noted  in  solutions  of  sodium  sulphide  and 
sodium  hydrosulphide. 

The  question  at  once  arises  whether  the  hydroxide  and  sulphide 
concentrations  affect  the  potential  merely  by  determining  the  iron 
content  or  sulphide  content,  according  to  the  law  of  the  solubility 
product  or  some  other  similar  law,  or  whether  they  affect  the  poten- 
tial in  a  direct  way;  in  short,  whether  pyrite  can  be  considered  a 
"compound  electrode."  If  it  can  be  so  considered,  the  relation 
between  its  potential  and  the  concentrations  can  be  expressed  by  the 
following  equation: 

E  =  Eo  +  ^hi[Fe]  [Sp. 

There  are  several  difficulties  in  verifying  such  an  equation.  In  the 
first  place,  with  access  of  air  some  ferric  salt  is  formed  in  spite  of  the 
presence  of  the  electrode.  With  the  ferric  salt  present  there  is  the  • 
complication  of  the  -'ferrous-ferric"  potential.  Even  closed  recep- 
tacles, boiled  solutions,  and  an  atmosphere  of  carbon  dioxide  appear 
to  be  insufficient  to  eliminate  all  ferric  salt ;  enough  persists  to  yield 
a  relatively  high  potential.  Such  a  potential  might  also  be  due  to 
polysulphide  ions,  which  are  doubtless  formed  from  pyrite.  In  an 
atmosphere  of  hydrogen  it  appears  that  enough  normal  sulphide  is 
formed  to  lower  the  potential  appreciably.  With  even  a  small  concen- 
tration of  sulphide  ion  the  potential  is  considerably  lowered,  but  under 
these  conditions  a  variation  of  the  concentration  of  ferrous  ion  (in 
acid  solution)  appears  to  have  no  effect  upon  the  potential.  This  was 
proved  by  measurements  upon  marcasite  (see  below),  but  the  results 
would  probably  have  been  similar  for  pyrite.  The  relations  of  the 
solubility  product  of  these  disulphides  are  unknown.  Lastly,  it  is 
very  doubtful  whether  such  electrodes  can  be  considered  strictly 
reversible.  Whether  both  atoms  of  sulphur  may  function  elec- 
trically or  not  has  not  yet  been  determined.  The  presumption  is 
that  only  one  does.  When  the  pyrite  is  anode  there  is  a  very  strong 
tendency  toward  oxidation  of  ferrous  ion  and  of  sulphur  to  sulphate — 
the  last  action  overstepping  the  limit  of  reversibility — although  as 
cathode  soluble  sulphide  is  formed.  Neither  set  of  conditions  is 
wholly  favorable  for  the  maintenance  of  the  pyrite.  In  view  of  these 
difficulties  any  appUcation  of  the  equation  must  rest  upon  a  good 
many  assumptions  and  will  not  be  attempted  at  present.  At  the 
same  time  it  is  hoped  that  the  potential  will  some  day  be  expressed 
by  a  formula  which  will  be  an  advance  over  the  present  empirical 
statement  of  the  potential  in  *  Vater." 

For  the  next  experiment,  instead  of  adding  any  of  the  constituents  of 
pjrrite  to  the  solution,  the  attempt  was  made  to  obtain  definite  results 
by  letting  the  pyrite  supply  its  own  solution  products.    If  only  water 
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is  used  there  will  be  a  considerable  liquid  potential  to  be  reckoned 
witb,  and  on  thia  account  it  seemed  better  to  uao  neutral  salt  solu- 
tioiis.  The  following  table  gives  a  record  of  tlio  behavior  of  pyrite 
dipping  in  normal  potassium  chloride  in  a  small  closed  bottle  (fig.  3, 

p.  29}  for  over  a  month: 


Potential  nf  pyrite  i 


lui  potoMium  rhioride  in  pretmre  o/ai 


TUne, 

v.„. 

T,™. 

V.». 

' 

0-78 

■;S 

.68 

.n 

The  above  results  show  a  slow  fall  fur  several  hours  and  thereafter 
a  considerable  degree  of  constancy  in  the  period  from  2  to  14  days. 
Unfortunately,  however,  other  specimens  gave  different  values. 
Even  the  same  specimen  after  being  dried  gave  slightly  different 
values  at  different  times  when  first  placed  in  the  solution.  The 
variationa  thus  noted  are  illustrated  by  the  following  results:  i 

Variationt  nf  potential  in  normal  poltuiium  chloridf  iiu  to  arcidental  rauMtt.         I 


DM. 

1 

> 

, 

'5 

VM. 
LOO 

VM. 
.88 

:8i 

VM. 

In  kissoiir  1  by  C.  £.  Blebmtbkl. 

In  order  to  see  if  the  presence  of  air  could  account  for  theee  irregu- 
larities a  solution  of  potassium  chloride  was  boiled  to  free  it  from  air 
as  far  as  possible.  While  still  warm  it  was  transferred  to  a  flask 
connected  with  a  siphon,  through  which  it  could  be  delivered  to  the 
tubes  containing  the  specimens  under  investigation.  A  platinum 
wire  was  bound  around  the  specimens  and  led  out  between  the  stoppers 
and  the  glass.  For  the  sake  of  comparison  a  smooth  platinum  elec- 
trode was  introduced  into  one  of  the  tubes.  From  time  to  time 
fresh  solution  was  allowed  to  flow  over  the  electrodes.  Carbon 
dioxide  from  a  generator  replaced  the  solution  as  it  was  used.     The 
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apparatus  waa  the  same  as  described  on  page  27.    The  results  were 
as  follows: 

PotentidU  of  specimens  immersed  in  potassium  chloride  soliUion  containing  CO2  at  t5^  C. 


Time. 


Ihonr., 
ld»y.. 
2  days.. 
6  days.. 
8  days.. 
11  days 


Pyrito. 

Marcasito. 

Platinum. 

A. 

B. 

A. 

B. 

VoU. 

VoU. 

VoU. 

VoU. 

VoU. 

a  67 

a66 

a66 

0.78 

a<n 

.69 

.65 

.70 

.71 

.60 

.68 

.71 

.76 

.72 

.56 

.63 

.60 

.70 

.72 

.65 

.62 

.61 

.70 

.71 

.65 

.64 

.62 

.70 

.71 

.60 

Galena. 


VoU. 


0.B2 
.55 
.51 
.53 
.52 
.52 


The  preceding  results  suggest  that  in  their  elec- 
tromotive behavior  pyrite  and  marcasite  funo- 
tioxi  chiefly  as  ''unattackable  electrodes/'  as  their 
potentiab  do  not  vary  greatly  from  those  shown 
by  smooth  platinum.  That  the  effect  was  not 
due  to  the  platinum  wires  was  carefully  de- 
termined in  every  experiment  by  attaching  long 
pieces  of  several  specimens  to  platinum  wires  and 
then  completely  covering  the  platinimi  and  a  por- 
tion of  the  mineral  with  paraffin.  The  results 
were  practically  identical  ¥dth  the  preceding 
ones. 

The  minerals  were  examined  in  potassiimi 
chloride  solution  with  still  greater  precautions 
against  the  presence  of  air  by  the  use  of  tubes 
in  which  the  solution  was  boiled  out  directly, 
thus  avoiding  the  necessity  of  transfer  (fig.  4). 
The  results  of  these  measurements  were  as 
follows: 


Figure  4.— Apparatus  for 
boiling  oat  air  under  re- 
duced pressure  before 
measurini;  electromotive 
force,  the  tube  to  be 
broken  off  at  C. 


Potentials  of  specimens  immersed  in  potassium  chloride  solution  boiled  out  directly. 


Time. 


Iday.. 

2  days. 

3  days. 

4  days. 

5  days. 

6  days. 


Pyrite. 


VoU. 


0.64 
.63 
.64 
.63 


Chaloopy- 
rite. 


VoU. 


0.61 
.64 
•  66 
.67 


Marcasite. 


VoU. 
0.60 
.60 
.60 


.  ov 


Platinum. 


VoU. 


.69 
.60 
.69 
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The  conclusion  from  the  preceding  experiments  is  that  the  exclusioa 
of  air  lowered  the  potentials  slightly,  A  much  better  exclusion  of 
air  was  finally  accomplished,  however,  by  supporting  the  specimens 
in  ft  bottle  through  which  a  slow  ciurent  of  very  pure  hydrogen  was 
carried  as  long  as  desired.  This  brought  the  potential  of  pyrite 
down  to  values  ranging  from  0.30  to  0.55  voli  according  to  the  leng;th 
of  treatment.  It  seems  impossible  to  avoid  the  concluaion,  therefore, 
that  a  trace  of  ferric  salt  is  ver>'  persistent  unlpss  particular  care  is 
used  to  exclude  it  or  reduce  it,  and  that  the  potentials  in  air  and  in 
the  absence  of  air  may  differ  markedly  on  account  of  the  presence 
of  ferric  salt.  The  unavoidable  accidental  variations  shown  by 
pynto  in  neutral  salt  solutions  are  probably  due,  therefore,  to  inde- 
terminate traces  of  ferric  salt.  The  h_>-j}othe9is  that  polj'sulphido 
ions  are  present  m  varj-ing  proportion  to  sulphide  ions  is  equally 
plausible  and  will  presently  be  considered. 

Insl«ad  of  trjing  to  obtain  the  potential  in  a  neutral  solution,  a 
Btate  not  easily  obtained  with  reference  to  the  ionization  of  water, 
one  may  reduce  the  number  of  variables  slightly  by  measuring  tho 
potentials  in  acid  and  alkaline  solutions  of  definite  concentration  and 
taking  the  mean  value  for  neutrality.  Liquid  potentials  were  largely 
eliminated  by  havii^  the  solutions  about  ncimial  with  potassium 
chloride,  and  as  the  value  0.S3  volt  was  obtained  in  tenth-normal 
sulphuric  acid  and  0.3S  in  tenth-normal  sodium  hydroxide  we  shoidd 
obtaui  0.60  at  the  neutral  pomt  for  the  potential  of  p}-rite  in  normal 
Bodhmi  sulphate  solution  in  (ho  presence  of  air,  iissimiing  the  relation 
to  bo  linear.  The  values  actually  obtained  in  neutral  salt  solutions 
under  these  conditions  ranged  around  0.72,  In  hydrogen  the  two 
values  obtained  for  tenth-normal  solutions  were  0,44  and  0.13  volt, 
respectively,  giving  a  mean  of  0.28  volt  for  the  potential  of  pyrita 
in  a  neutral  salt  solution  in  the  presence  of  hydrogen. 

It  was  thought  that  the  experiments  in  hydrogen  might  have  over- 
shot the  mark  by  producing  some  hydr(^en  sulphide,  and  this  was 
found  to  be  the  case.  Some  powdered  galena  was  moistened  and 
placed  in  a  small  wash  bottle  with  a  glass  stopper  and  the  bottle  filled 
with  hydrogen.  A  strip  of  clean  silver  suspended  in  the  bottle 
showed  a  slight  tarnish  in  a  few  hours.  Evidently,  then,  hydrogen  la 
too  vigorous  a  reducing  agent  for  the  purpose  of  merely  excluding  air. 

The  extreme  delicacy  of  the  conditions  determining  the  potential 
shown  by  pynte  in  normal  potassium  chloride  solution  is  further  illus- 
trated by  Uie  ease  of  its  polarization.  With  a  potential  of  0.78  voltat 
the  beginning,  pyrite  was  polarized  by  a  very  small  current,  0-000005 
ampere,  copper  in  copper  sulphate  being  used  as  an  auxiliary  elec- 
trode. The  polarizing  potential  was  probably  not  oVer  0.3  volt.  In 
15  minutes  the  potential  of  the  pyrite  had  fallen  to  0.57  and  after- 
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ward  remained  fairly  constant  at  0.51.  Under  these  conditions  the 
pyrite  was  probably  surrounded  by  a  fihn  containing  very  little  ferric 
salt.  Upon  stopping  the  polarization  the  potential  rose  in  half  an 
hour  to  0.75  again.  The  pyrite  was  then  polarized  similarly  as  anode. 
The  potential  rose  to  about  0.97  and  remained  fairly  constant.  This 
probably  corresponded  to  a  maximum  of  ferric  salt  under  the  condi- 
tions of  the  experiment.  When  the  polarization  was  stopped  the 
potential  soon  fell  to  0.80.    With  this  specimen,  therefore,  imder 

Volts 
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6.— Cmru  showing  rate  of  polarization.    Applied  electromotive  force  about  0.3  volt;  corrent, 

0.000005  ampere. 

these  conditions,  the  potential  certainly  lay  between  0.75  and  0.80. 
The  results  are  shown  graphically  in  figure  5.  We  are  dealing  here 
with  a  potential  which  is  extremely  sensitive  to  current — that  is,  the 
electrode  is  very  easily  polarized.  In  other  words,  pyrite  furnishes 
so  slight  a  concentration  of  its  characteristic  ions  that  a  very  feeble 
current  suffices  to  alter  the  concentration  enormously. 

The  lag  shown  by  a  certain  specimen  of  pyrite  in  attaining  con- 
stancy in  a  new  environment  is  also  illustrated  by  the  following 
results: 
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Lag  in  the  potential  ofpyrite  wJien  placed  in  a  new  environment. 


Substance. 


Pyrite  in  0. 1  normal  H1SO4,  in  presence  of  air 

Same  specimen  stood  0  days  in  normal  NaSH  at 

Same  specimen  placed  in  0.1  normal  HaSOi,  in  presence  of  air. 


Same  specimen  placed  in  0.1  normal  Ha804,  air  displaced  by  hjrdrogen. 


\/ 


FiouRX  6.— Mounting  of  pyrite  to  ob- 
tain a  saturated  solution  over  a  long 
period  without  access  of  air. 


The  arrangement  shown  in  figure  6  is 
believed  to  be  the  best  one  devised  for 
mounting  pyrite  in  such  a  way  as  to  attain 
its  own  characteristic  potential  in  water. 
A  good-sized  piece  of  pyrite  was  attached 
to  a  platinum  wire  and  then  partly  im- 
mersed in  a  block  of  paraffin.  A  tube 
about  an  inch  in  diameter  was  then  sunk 
in  the  paraffin,  forming  a  watei^tight 
holder.  The  pyrite  in  pure  water  was  sur- 
rounded with  coarsely  powdered  pyrite 
for  a  height  of  an  inch.  The  potential 
shown  by  this  pyrite  was  as  follows: 


Potential  ofpyrite  in  water. 


Time. 


Start 

15  minutes. 

3  hours 

1  day 

4  days 

8  days , 


Time. 


13  days 

Fresh  water  added: 

1  day 

4  days 

6days 


Volt. 


0.75 

.74 
.63 
.62 


Whatever  the  solution  products  of  pyrite  may  be  at  first,  the  ions 
OH~  and  SH~  are  probably  formed  to  some  extent.  It  seems  rea- 
sonable to  suppose  that  these  ions  will  attack  the  sulphur  of  the 
pyrite  further,  and  that  the  progress  of  these  slow,  successive  reactions 
accounts  for  the  slow  fall  of  the  potential  shown  by  pyrite  in  water. 

After  reviewing  all  the  preceding  results,  the  most  logical  con- 
clusion concerning  the  potential  shown  by  pyrite  in  water  with 
access  of  air  is  that  its  high  value  is  due  either  to  ferric  salt,  to  acid 
produced  by  the  oxygen  of  the  air,  or  to  polysulpliide ions.  Under  these 
conditions  a  single  electrode  of  pyrite  is  incapable  of  maintaining  the 
iron  in  the  ferrous  condition  and  similarly  the  sulphide  ion  is  probably 
oxidized  in  part,  thus  assisting  in  the  production  of  a  high  potential. 
Mere  traces  of  ferric  ion  suffice  to  give  the  high  value.  This  explana- 
tion is  also  consistent  with  the  variable  results  shown  by  pyrite  in  a 
potassium  chloride  solution. 
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When  air  is  excluded^  on  the  other  hand,  a  somewhat  lower  value 
is  obtained,  which  seems  to  vary  only  slightly  with  the  content  of 
ferrous  salt  but  is  extremely  sensitive  to  changes  in  alkalinity  or 
sulphide  concentration  and  may  be  reduced  to  a  very  low  value  by 
an  excess  of  alkali  sulphide.  These  low  potentials  may  be  termed 
"sulphide "  potentials.  The  true  potential  of  the  solution  products  of 
pyrite  must  be  intermediate  between  the  "ferric-ferrous"  potentials 
and  the  "sulphide"  potentials — that  is,  must  be  between  0.80  and 
0.66.  If  such  a  thing  were  possible,  it  would  appear  to  be  a  "  ferric- 
sulphide"  potential.  It  seems  impossible,  however,  with  any  ar- 
rangement of  apparatus  so  far  devised,  to  establish  this  potential 
definitely  on  account  of  the  slow  rate  at  which  the  pyrite  comes  into 
equilibrium  with  the  solutions,  and  an  expression  of  the  potential  in 
terms  of  an  equation  has  therefore  not  been  found. 

MARCASITE. 

Experiments  were  made  with  marcasite  to  see  if  it  presented  any 
difference  from  pyrite.  The  marcasite  was  in  the  form  of  cockscombs, 
collected  in  the  Joplin  district  of  Missouri  by  C.  E.  Siebenthal,  of  the 
United  States  Geolo^cal  Survey.  By  the  preliminary  method  of 
experimentation  in  air  pyrite  seemed  to  give  a  higher  value  at  first, 
but  marcasite  averaged  slightly  higher  after  a  time.  The  mean  of  a 
nimiber  of  determinations  for  marcasite  in  normal  potassium  chloride 
in  the  presence  of  air  was  0.80  volt,  whereas  pyrite  gave  0.72  volt. 
Marcasite  is  ordinarily  considered  to  be  more  oxidizable  than  pyrite. 
In  other  words,  it  should  produco  ferric  sulphate  faster  than  pyrite, 
and  this  higher  potential,  attained  after  the  lapse  of  an  hour  or  so, 
seems  to  agree  with  the  interpretation  that  the  high  potential  of 
pyrite  and  marcasite  in  the  presence  of  air  is  due  to  ferric  sulphate  or 
sulphuric  acid  in  the  solution.  According  to  this  interpretation  the 
real  factors  in  the  mechanism  of  the  process  would  be  the  rate  of 
oxidation  and  the  rate  of  supply  of  oxygen. 

The  variation  of  the  potential  of  marcasite  with  changes  in  alka- 
linity and  in  the  nature  of  the  solution  in  general  was  found  to  be 
similar  to  that  shown  by  pyrite,  within  the  limit  of  error  of  the  ob- 
servations. Several  of  those  comparisons  have  already  been  given. 
The  following  data  form  an  additional  record  of  the  phenomena: 

Comparison  of  jxAentials  ()f  imircasitc  and  pyrite. 


0.1  normal  NftOH 

aoi  normal  NaOH 

(MX)1  nonnal  NaOH , 

Normal  KCl.  in  air  (mean  of  a  number  of  obsonratloni} 

0.10  nonnal  NaOH.  0.00  normal  KC1 

OJO  nonnal  H^Oi,  0.90  normal  KCl 

Xiinoflaittwovahua 


Marcasite. 

Pyrite. 

Volt. 

VoU. 

a40 

a38 

.47 

.44 

.M 

.51 

.80 

.72 

.35 

.38 

.00 

.83 

I         .^ 
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Oo  the  whole  tlio  diflereacea  here  shown  between  pyrite  and  maroa- 
site  are  of  the  same  order  as  the  error  of  the  determinations;  never- 
theless, the  results  indicate  a  peraiatent  tendency  of  tiie  marca^t? 
toward  a  sliglitly  liigher  value  in  tlic  presence  of  lur.  A  difference  so 
alight,  however,  is  of  a  much  lower  order  than  the  differences  caused 
in  the  potential  by  a  variation  in  the  natuj'c  of  the  solutions. 

Measurements  were  made  in  0.005  normal  sulphuric  acid  in  an 
atmosphere  of  hydrogen  sulphide,  the  marcasite  being  partly  sub- 
merged and  suspended  by  a  fine  platinum  wire.  If  the  dissociation 
constant'  of  hydrogen  sulpliide  [11] '  [S]  is  taken  as  1.1x10"*'  and 
the  hydrogen  ion  concentration  in  0.005  nonnal  sulphuric  acid*  as 
0.0043  we  should  have 


S~  - 


1.1  XlQ"" 
0.000018 


'  6.1  X 10-' 


This  ia  certainly  not  iin  extreme  concentration  of  sulphide  to  try, 
although  it  ia  insufficient  to  precipitate  ordinary  ferrous  sulphide. 
The  ferrous  ion  content  was  varied  from  0.0005  molal  to  0.1  molal 
witliout  any  effect  upon  the  potential,  as  the  following  results  show: 


PolaUial  ihoiim  b 


F             IB 

.IK..U1 

\efyliltle. 

t«l    wiih    PeB 
andUiS. 

.asi 

Tnio. 

EicMS  of  N»H8. 

llie  above  conditions  indicated  by  the  table,  some  sulphur  being 
held  in  suspension,  approach  those  which  are  favorable  to  the  devdop- 
ment  of  marcasite.'  In  the  last  measurements  the  acidity  was  re- 
duced by  repeated  additions  of  sodiimi  hydroxide,  bo  that  the  solu- 
tion was  plainly  saturated  with  ferrous  sulphide  and  with  hydrogen 
sulphide.  It  was  imposdble  to  tell  whether  or  not  marcasite  was 
forming  on  the  electrode,  which  in  the  acid  solution  retained  its  char- 
acteristic steel-gray  appearance,  but  in  the  neutral  solution  was  some- 
what blackened  by  adhering  particles  of  ferrous  sulphide. 


'  Knox,  J.,  Zur  Kpontnlas  d 

ZdUchr.  ElektrocheDiie,  vol.  i: 
■  Dmcker,  K.,  Das  DissodBtioiisscheuiaderSi 
'  Alien,  E.  T.,  CitDsbaw,  1,  !>.,  and  JolmstaD, 

33,  p.  im,  1811. 
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The  aBove  results  bring  out  the  interesting  fact  that  if  the  solution 
contains  an  excess  of  soluble  sulphide  a  variation  in  the  concentration 
of  ferrous  salt  does  not  affect  the  potential,  but  if  the  concentration 
of  the  sulphide  is  at  a  Tninimum  higher  potentials  may  be  obtained 
by  adding  ferric  salt,  the  potential  being  then  determined  by  the 
ratio  of  ferrous  to  ferric  salt. 

pYRRHorrrE. 

The  pyrrhotite  used  was  collected  at  Ducktown,  Tenn.,  by  F.  B. 
Laney,  of  the  United  States  Geological  Survey.  Salt  solutions  and 
acids  were  found  to  impart  a  lower  potential  to  pyrrhotite  than  to 
pyrite  or  marcasite.  Conunercial  ferrous  sulphide  gave  a  much 
lower  value  than  pyrrhotite,  but  it  contains  metallic  iron.  Accord- 
ing to  Richards  and  Behr/  metallic  iron  has  a  potential  of  —0.17 
volt  in  normal  ferrous  sulphate. 

The  following  readings  were  made  with  electrodes  of  pyrrhotite: 

Potential  of  pyrrhotite. 

Volt. 

In  nonnal  KCl,  0.54,  0.58,  mean 0. 56 

Nonnal  KCl,  0.001  normal  NaOH 45 

0.99  normal  KGl,  0.01  normal  NaOH 34 

0.90  normal  KCl,  0.1  normal  NaOH 25 

A  tenfold  change  in  the  quantity  of  sodium  hydroxide  in  solution 
produces  greater  variation  in  the  potential  of  pyrrhotite  than  in 
that  of  pyrite  or  maxcasite,  possibly  because  free  sulphur  is  easily 
dissolved  from  the  pyrrhotite  by  the  sodium  hydroxide,  the  result 
being  a  low  ''sulphide"  potential.  Normal  sodium  hydroxide  gave 
a  very  inconstant  value  with  pyrrhotite  and  appeared  to  convert  it 
into  oxide  and  soluble  sulphide,  but  normal  acid  and  normal  sodium 
sulphide  eventually  gave  much  more  constant  values. 

MAGNETITE. 

The  magnetite  examined  was  in  the  form  of  large  crystals  from 
Ifineville,  Essex  County,  N.  Y.  (U.  S.  National  Museum  No.  47830). 
These  crystals  were  but  very  slightly  fractured.  The  potentials 
shown  by  diflFerent  crystals  in  the  same  solution  were  rather  dis- 
cordant, although  each  single  potential  was  very  definite.  Elec- 
trodes of  magnetite  are  very  easily  polarized  and  respond  quickly 
to  changes  in  acidity  and  alkalinity  of  the  solution.  Briefly,  the 
mineral  behaves  very  much  like  an  unattackable  electrode,  but  lack 
of  time  has  so  far  prevented  a  sufficiently  detailed  study  to  determine 
whether  or  not  its  potential  can  be  correlated  with  the  concentrations 
of  its  solution  products.     The   following   preliminary  values — the 

1  Richards,  T.  W.,  and  Behr,  G.  E.,  The  electromotive  force  of  Iron  under  varying  oonditiona  and  thA 
aOeot  of  oodaded  hydrogen:  Carnegie  Inst.  Washington  Pab.  61,  IWl . 
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averages  measured  with  three  different  crystals — were  obtained  in 
the  ordinary  way,  in  the  jireaeiice  of  air: 

I'oienliul  0/  magnetiu. 

Voll. 

NornuLl  KCI,  with  acccea  of  air 0.  G3 

0.001  noTOjal  NaOU.  0.99  nomial  K»_'l S5 

O.Ol  nonnal  NaOH,  0.99  normuJ  KCI 62 

0.1  normal  NaOH,  0.90  nomial  KCI 56 

0.1  nomial  HjSO,,  0.90  normal  KCI 86 

When  air  is  excluded  magnetite  in  contact  with  water  only  event- 1 
ually  gives  much  lower  values  than  those  tabulated  above.  ThuBi  T 
one  specimen  mounted  in  paraffin  (fig.  6,  p.  3S)  gave  0,55  volij 
after  22  days  and  eventually  0.46  volt. 

OALENA, 

Preliminary  measurements  on  galena  showed  that  various  9olu-| 
tions  alter  its  potential  greatly.  Acids  do  not  yield  as  high  values  I 
with  galena  as  with  pyrolusite,  pyrite,  or  magnetite.  In  fact, 
changes  in  acidity  give  irregular  results,  for  reasons  which  witl  be 
stated  farther  on.  The  potential  is  not  very  sensitive  to  a  change 
in  content  of  lead  salt,  but  ia  sensitive  to  changes  in  alkalinity  or 
concentration  of  sulphide, 

A  specimen  that  gave  +0.49  volt  in  normal  potassium  chloride 
fell  to  0.24  when  hydrogen  sulphide  was  passed  into  the  solution, 
but  rose  again  to  0.47  after  being  washed  with  water  and  replaced 
in  potassium  chloride.  The  addition  of  a  trace  of  lead  salt  gave 
0.48  volt. 

The  effect  of  excluding  air  was  studied  with  galena  as  with  pynt«, 
and  it  was  found  that  in  tenth-normal  sulphuric  acid  the  displace- 
ment of  air  by  hydrogen  resulted  in  no  appreciable  change  in  poten- 
tiaj.  The  most  plausible  explanation  of  this  fact  is  that  the  acid 
maintains  a  certain  concentration  of  hydrogen  sulphide,  which  deter- 
mines the  potential  both  in  air  and  in  hydrogen.  With  pyrite  the 
acid  generates  so  httle  hydrogen  sulphide,  if  any,  that  air  causes 
some  oxidation  of  the  ferrous  salt  to  ferric.  With  galena  hydrogen 
sulphide  is  certainly  produced,  even  in  air,  so  that  no  further  effect  of 
hydrogen  would  be  expected.  In  an  alkaline  solution,  on  the  other 
hand,  a  difference  in  potential  was  noted  in  the  presence  and  in  the 
absence  of  air.  The  value  in  tenth-normal  sodium  hydroxide  in  the 
presence  of  air  was  0.27  volt  and  in  hydrogen  0,12.  The  latter  value 
is  practically  identical  with  that  shown  by  pyrite  under  the  same 
conditions,  0.13.  Evidently  these  values  are  determined  by  a  cer- 
tain concentration  of  sulphide,  as  hydrogen  in  a  platinum  electrode 
gave  —0.48  volt. 
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In  nomud  potassium  chloride  m  the  presence  of  air  galena  gives  a 
lower  value  than  pyrite.  The  values  obtained  with  different  SfKH^i- 
mens  at  different  times  were  as  follows:  +0.49,  0.38,  0.53,  O.t'x^,  0.40, 
mean  +0.49  volt.  Pyrite  gave  0.63  volt.  When  mount<Hl  in  pa  rati  in 
(fig.  6,  p.  38)  so  as  to  exclude  air,  and  in  contact  w*ith  w^ator  only, 
galena  gave  a  potential  slightly  lower  than  in  air,  +0.40  volt,  which 
remained  fairly  constant  over  a  long  period. 

Bemfeld  gives  the  following  potential  measurtMnents  for  artitioial 
lead  sulphide  electrodes  : 

Potential  of  artificial  lead  tulphide  (Bemfeld). 

Volt. 
Nonnal  NaaS,  with  some  PMCaHjOa)^ -0.181    to -0.217 

0.5  nonnal  NaaS,  with  some  Pb((\H,02)2 -.172   to  -  .  188 

NaSH,  HjS  introduced -  .0069  to  -  .0070 

NonnalNaaS -  .190 

0.6  normal  NajS -  .179 

0.26  normal  NajS -  .160 

0.126  normal  Na^ -  .140 

0.0625  normal  NajS -  .114 

00312  normal  NajS -  .096 

0  0156  normal  NaaS .076 

NonnalNaSH -  .0009 

0.1  normal  NaSH -  .0521 

0.01  normal  NaSH -  .1070 

These  results  are  in  essential  agreemi^nt  with  those  shown  by 
natural  galena,  ranging  from  —0.19  to  —0.24  volt  in  normal  Nii,S 
and  —0.03  volt  in  normal  NaSH.  The  potentials  0.49  volt  hi  ])ot  hk- 
sium  chloride  with  air  j)resont  or  0.46  volt  in  water  with  air  excludtul 
appear  to  be  the  most  characteristic  pott^ntiak  of  galena  that  I  luivo 
noted,  as  I  have  found  that  ])otentials  m  sulpliide  solutionH  (Irpond 
very  much  on  the  way  the  solutions  are  ])repared. 

The  above  results  with  galena  indicate  tliat  a  variation  in  tlio  con- 
centration of  the  lead  salt  has  very  little  effect  on  tlin  pot^tntiiil.  TImi 
latter  is  greatly  affected,  however,  by  the  concentration  of  Hiil|iliiil«s 
As  a  matter  of  fact,  galena  appears  to  maintahi  a  fiiirly  conMtnnt  con 
centration  of  sulphide  ion  on  its  immediute  Hurfart*,  yin|ilin^<:  in  Hiilt 
solutions  a  poU'Utial  of  0.49  volt,  hi  the  prewnr.n  of  nir  \rn\^^un 
therefore  naturally  functir>ns  as  anode  apiinnt  ^ynU*.,  In  tin?  nlmiMirh 
of  air  its  potential  may  be.  broij;.dit  down  to  low  viilijct*  by  uoliible 
sulphides,  being  thon  a  '^hulpliirbr''  jjot^'ntiiil. 

Knox^  measured  the  potentiul  of  a  lend  ejeftrode  in  ().)  molnl 
Na,S.     As  a  mean  of  ri*?veri  determinationH  of  the  eonibinntion 

+  Hg  /  Hg,C%.  normal  Kf'l  /  normal  Kf'l  /  0.1  niolul  Ni,>  /  Pb 


i  Knox,  Joaepliy  A  txa^ly  of*..'^  ««:{^<>«f  ^ituttt  hi»'l  itttu\^M.  m»\^„tt  ##M//r»    I'mimUv  t^^  't  ««•»>  .  !*#.  \, 
p.48»l«B. 
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ho  obtained  0.773.     Allowing  a  diffusion  potential  of  0.010  volt|^ 
whirh  is  jjrobably  bett^^r  than  making  no  correction  at  all,  we  have 
Pb  /  0.1  uioial  Nii5S=  -0,223 
Inserting  this  value  in  the  equation 

E  =  0.129  +  0.029.^  log  Cpb*'- 
and  solving  for  C,  we  find,  tor  Pb** 

C=1.2X10-"  

Following  Kdox  and  taking  the  concentration  of  S  in  0.1  molal 
Na^S  to  be  1  X  lO"',  wo  have  the  solubility  product  [Pb**l[S--]  = 
1.2x10""  and  the  concoulration  of  Pb**  or  S""  in  a  saturated 
aqueous  solution  of  PbS  at  25°  =  3.4  X  10~*  gm.  ion  per  liter  and  thfl 
solubility  of  PbS  in  water  at  25°,  aesuniiiig  complete  dissouation, 
would  be  =3.4  x  10"*  gm.-mole  per  liter- 

8ILVEH    SULPHIUE. 

Burafeld  gives  the  following  potential  measurements  for  silver 
sulphide,  H,S  having  been  introduced : 

Normal  NaSII -0.178 

O.lnoraalNaSH -  .123 

0.01  Bornial  NaSH -  .069 

Knox  measured  the  potential  of  n  silver  electrode  in  0.1  molal 
NajS.     For  the  combination 

+  Hg  /  Hg,Cl„  normal  KCl  /  normal  KCl  /  0.1  molal  Na^  /  Ag- 
he  obtained  the  value  0.880.    Allowing  0.010  volt  for  the  diffusion 
potential,  as  above,  we  have,  for  the  single  potential,  the  value 

Ag  /  0.1  molal  Na^- 0.330 
■  Substituting  in  the  equation 

E=  1.06 +0.059  log  C    * 
we  have  C  =  4.3xlO"'*  for  Ag+.    The  solubility  product  of  Ag^  is 
therefore 

(4.3  X  10"")'  (1  x  10"*)  =  1.8  X 10-" 

and  in  a  saturated  aqueous  solution  of  Ag,S  we  should  have  Ag*^ 
3.3  X 10"";  or,  assuming  complete  dissociation,  the  solubility  of 
Ag,S  would  be  1.6  x  10""  mole  per  Hter  at  25°. 

BISMUTH   SUI.PHIDB. 

Bemfeld  gives  the  following  potential  measurements  for  bismuth 
trisulphide : 

Volt. 

Nonnal  NaSH  +  some  aDlimony  eolution +0.017 

0.1  normal +  .073 

O.Olnoniial +  .133 
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HEBOUBIO  SULPHIDE. 

Behrend  gives  two  measurements  on  mercuric  sulphide,*  namely,  for 
mercury  in  tenth-normal  NaSH,  —0.12,  and  in  tenth-normal  Na^, 
—0.28,  the  solution  being  saturated  with  the  sulphide  of  mercury. 
These  values  are  very  close  to  those  that  I  obtained  from  the  soluble 
sulphides  with  a  smooth  platinum  electrode,  as  described  on  page  47. 

NICKEL   AND   OTHER   SULPHIDES. 

The  potentials  of  several  metals  in  solutions  saturated  with  their 
sulphides  were  measured  by  Zengelis.^  It  is  difficult  to  determine 
from  his  published  results  the  correct  sign  or  even  the  values  of  some 
of  the  single  potentials,  but  the  vahies  stated  in  the  following  table 
are  believed  to  be  correct: 

Single  poterUiala  of  metala  in  solutions  saturated  with  their  sulphides^  as  determined  by 

Zengelis. 

Volt. 

Nickel  in  NiS -0.02 

SilverinAgjS -  .34 

Cobalt  in  Ck)S -  .04 

LewlinPbS -h0.20to  +  .06 

GopperinCuS -  .085 

CopperinCuaS -  .203 

BLBCTBOHOTIVE  BEHAVIOR  OF  SOLUBLE  SULPHIDES. 
REDUCING   POWER  OF   SOLUBLE   SULPHIDES. 

One  of  the  most  characteristic  properties  of  soluble  sulphides, 
aside  from  their  ability  to  form  insoluble  precipitates  with  many 
metals,  is  their  reducing  power.  This  is  shown  in  the  familiar 
reactions  ¥dth  ferric  salts,  chromates,  ferricyanides,  the  halogens,  the 
nitro  group,  nitric  acid,  and  even  sulphuric  acid.  If  we  consider  this 
property  essentially  a  property  of  sulphide  ions,  the  reduction  of  a 
ferric  salt,  for  example,  may  be  indicated  by  the  equation 

2Fe-^-fS— =  2Fo-^-hvS 

According  to  this  equation  the  sulphide  ions  give  up  their  negative 
charges  while  an  eciual  mmiber  of  positive  charges  are  neutraUzed; 
free  sulphur  remains;  no  other  ionB  appear  to  be  directly  concerned 
with  the  reducing  action.  The  tendency  of  sulphide  ions  to  give  up 
their  charges  may  also  be  shown  by  the  ])roduction  of  an  electric 
current  as  illustrated  by  the  experiments  on  page  13.    The  single 

1  Behrendf  R.,  Elektrometrischo  Analyse:  Zeitsehr.  physikal.  Chcmic,  vol.  11,  p.  481, 1893. 
•  Zeni^IUi,  K.,  Ueber  die  elektromotorische  KriLfte  unldslicher  und  komplexer  Salze:  Idem,  vol.  12, 
pp.  306-313,  1803. 
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For  the  seocMidaiy  ioniiation  Knox  gi¥«s 


K,-^^-ii»xi(r- (ID 


whence  by  combining  (I)  and  (11)  we  have 


[8-1- 


1,1  X 10- 


an  expression  giving  the  sulphide  ion  conoentration  for  aoj  sc^tioD 
of  known  hydrogen  ion  conoentratioiL  In  this  way  fhe  snl^aihide  ion 
concentrations  of  the  next  taUe  were  obtamed  and  from  them  vafaieB 
of  Eo  calculated  by  equation  (1). 


SulpkUUj»ieHika9  6bmvedmiieakua^tdh90qmal^ 

• 

Sotathn  (oaoontnlioii  imt  Utti). 

tkn. 

K 

(^«a). 

Si 

1  mole  HCl+HdB 

s^exio-* 

.Oi 

•f.ai 

-4» 

1  moto  aoetib  M^  +H^ 

—  .a 

1  mole  KCl+HWS 

—  .a 

1  mole  NftBH.. "........ .,.x, 

•  — .s 

ImolvNe^ 

—  .M 

mi^9 

There  is  a  fair  approach  to  constancy  in  the  valnes  of  Eo,  the 
mean  value  being  —0.26,  so  that  equation  (1)  must  have  some  sig- 
nificance in  view  of  the  enormous  range  of  the  sulphide  ion  concen- 
tration and  would  appear  to  be  applicable  to  the  determination  of 
sulphide  ion  concentrations  provided  polysulphides  are  absent.  The 
relations  shown,  however,  can  not  be  regarded  as  a  final  solution  of 
the  problem  for  NaSH  and  NajS,  as  will  appear  from  what  follows. 

PREPARATION  OF  SODIUM  HYDROSULPHIDE. 

In  preparing  sodium  hydrosulphide  the  best  substance  with  which 
to  start  is  sodium,  as  recommended  by  KQster  and  Heberlein,*  but 
for  many  purposes  sodium  hydroxide  suffices.  If  it  is  desired  to 
avoid  oxidized  products  it  is  advisable  to  pass  a  current  of  hydrogen 
through  the  sodium  hydroxide  before  introducing  hydrogen  sulphide, 
and  at  the  same  time  to  have  a  piece  of  platinized  platinum  in  the 
bottle  to  make  the  hydrogen  more  eflfective  through  electrolytic 
action.  The  saturation  of  sodium  hydroxide  with  hydrogen  sulphide 
yields  a  solution  containing  an  excess  of  hydrogen  sulphide.  Part 
of  this  excess  may  be  removed  from  a  solution  as  concentrated  as 

1  Kfister,  F.  W.,  and  Heberlein,  E.,  BeitrO^  rar  Kenntniss  der  Polysalflde:  Zeitsohr.  anorg.  Chemie, 
▼01.43,  p.  55, 1905. 
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normal  by  bubbling  a  stream  of  hydrogen  through  the  solution  for 
some  hours.  The  changes  in  the  solution  from  the  first  introduction 
of  HjS  to  supersaturation  and  expulsion  of  the  excess  may  be  followed 
with  advantage  by  potential  measurements.  The  results 'of  one 
experiment  in  which  the  excess  of  H^S  was  neutralized  by  adding 
NaOH  from  a  burette  were  as  follows : 

Effect  of  neutralizing  excess  H^  in  normal  NaSH  vnth  NaOH, 


4  normal 
NaOH 
added. 

Potential 
of  cell. 

Remarks. 

Cfc. 
a5 
1.0 
L5 

2.0 
2.5 
3.0 
3.5 
4.0 

VoU. 

aeos 

.612 
.635 

.700 
.785 
.794 
.797 
.798 

H|S  In  excess. 

Solution    becomes   alkaline    to 

phenolphthalein. 
Solutton  practically  NaSH. 

About  16  per  cent  of  NaSH  now 
converted  into  NaiS. 

It  will  be  observed  that  the  potential  changes  vary  rapidly  when 
the  solution  has  a  composition  near  to  NaSH.  The  value  0.70  for 
the  cell,  or  the  single  potential  —0.14,  has  been  selected  as  the  first 
approximation  to  the  correct  potential  for  a  normal  solution  of  the 
composition  NaSH.  Such  a  solution  is  plainly  appreciably  hydro- 
lyzed,  as  is  shown  by  the  fact  that  the  solution  already  becomes  alka- 
line to  phenolphthalein  at  a  potential  which  clearly  corresponds  to 
an  excess  of  H^S.  The  above  measurements  also  afford  a  very  clear 
explanation  of  the  many  discrepanci^  that  have  been  noted  in  the 
data  of  observers  working  with  solutions  of  NaSH;  evidently  the 
acidity  has  not  been  definitely  regulated. 

CHEMISTRY  OF  THE  SULPHIDE  ELECTRODE. 

It  has  been  stated  that  in  developing  a  current  the  sulphide  ions 
probably  give  up  their  charges,  leaving  free  sulphur.  This  appears 
to  be  the  primary  action.  When  a  feeble  current  (0.1  milliampere) ' 
was  passed  into  a  solution  of  hydrogen  sulphide  through  a  platinum 
anode  a  white  cloud  of  sulphur  was  formed  on  the  platinum  and  in  the 
solution  near  the  platinum;  when  sodium  hydrosulphide  or  sodium 
sulphide  was  employed,  however,  sulphur  was  not  a  visible  product 
nor  was  any  gas  evolved,  but  after  a  time  the  solution  turned  yellow, 
indicating  the  formation  of  a  polysulphide.  The  formation  of  a 
polysulphido  may  l)o  considered  a  secondary  effect  due  to  the  solution 
of  sulphur  freed  by  the  current  in  the  sodium  sulphide  present,  or  it 

33477*'— Bull.  548—14 4 
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may  be  tJiat  poljsulphide  ionx  arc  an  oxidation  product  of  sulphide 
ioua,  a  possibility  that  will  bo  considered  presently. 

The  puro  sulphide  electrode  appears  to  be  irreversible.  When  a 
current  is  passed  in  the  direction  to  make  the  platinum  a  cathode 
hydrogen  is  set  free.  The  likelihood  that  this  hydrogen  will  not  give 
a  proper  pofj'ntial  with  a  smooth  electrode  has  been  pointed  out.  In 
fact  Roso  long  ago  concluded  that  the  saturation  of  even  platinized 
electrodes  is  an  extraordinarily  slow  process  of  diffusion  of  the  gas 
into  the  electrode  material.  There  appeared  to  be  no  difficulty, 
however,  in  attaining  the  sulphide  potential  from  either  side  by  the 
compensation  method. 

To  gain  light  on  the  action  of  the  reversed  current  experiments  were 
made  to  see  whether  free  sulphur  in  contact  with  platinum  could 
imder  any  conditions  be  made  to  ionize.  A  solution  of  sulphur  in 
carbon  disulphide  was  allowed  to  evaporate  from  the  surface  of  a 
platinum  electrode,  and  the  electrode,  thus  coated  with  numerous 
crj-stals  of  sulphur,  was  allowed  to  stand  in  normal  potassium  chloride 
in  a  closed  half  cell  for  a  long  period.  The  potentials  observed  are 
stated  in  the  first  part  of  the  table  below: 

/>>>(r7ifMil  o)  plnlinum  coaltd  with  sulphw. 


solubon. 

TtBW. 

cm. 

rnUnliilDr 

'^"^iSi 

;SS::::::;:::::::::-::::; 

ji»a«y» - 

IHgH-) 

IS 

'.X 

It  seems  that  the  sulphur  may  be  in  part  the  cause  of  the  observed 
slow  fall  in  potential,  but  there  are  so  many  uncertainties  about  the 
behavior  of  a  piece  of  platinum  in  a  neutral  solution  that  the  results 
are  of  questionable  significance.  They  show,  however,  that  the 
effect,  if  there  is  one,  is  produced  very  slowly  at  ordinary  temperature. 

It  is  well  known  that  sulphur  dissolves  in  alkali  hydroxides  at  an 
appreciable  speed.'  It  is  not  surprising,  therefore,  that  a  piece  of 
platinum  coated  with  sulphur  as  described  above  and  immersed  in 
sodium  hydroxide  gave  a  lower  potential  more  quickly,  as  is  shown  in 
the  second  part  of  the  table  above.  Of  course  the  production  of  a 
soluble  sulphitle  in  this  way  may  he  regarded  as  an  action  that  is 
wholly  "chemical"  and  the  electromotive  effect  as  secondary.  The 
experiments  are  therefore  inconclusive  as  to  whether  the  platinum 
assisted  the  ionization  of  the  sulphur  at  all. 

I  KUattr  and  Heberlein,  op.  dt.,  p.  80. 
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BEHATIOB  OF  FOLT8ULPHIDES. 

The  electromotive  action  of  polysulphides  is  important  because 
they  appear  to  be  formed  by  the  electrolytic  oxidation  of  alkali 
sulphides  as  well  as  by  the  action  of  sulphur  on  those  salts.  More- 
over, they  may  be  reduced  electrolytically.  There  appears  to  be  a 
possibility  of  arriving  at  a  reversible  electrode  here.  Are  polysul- 
phide  ions  the  first  direct  oxidation  product  of  sulphide  ions,  rather 
than  sulphur,  and  are  they  capable  of  affecting  the  electromotive 
behavior  of  the  sulphide  ions  ? 

KQster  ^  measured  the  potential  of  several  solutions  containing 
polysulphides,  and  his  data  are  reproduced  for  reference  in  the  accom- 
panying tables: 

KU8ler*8  data  on  polytulphides. 

[CeU:  Ft  /  Na<S,  /  normal  KCl  /  HgCI  /  Hg+O 
Solnttou  gatnzated  with  inlphur. 


Formal  oonoen- 

tratioaofNteS, 
(saturated 

xinNafS,. 

Potential  of  cell. 

irithB), 

2 

4.47 

« 

0.621 

1 

4.67 

.600 

0.5 

4.84 

.600 

.25 

4.08 

.503 

.125 

5.12 

.584 

.062 

5.22 

.576 

.031 

5.24 

.568 

.0155 

5.20 

.560     . 

.0077 

5.04 

.552 

.0038 

4.45 

.541 

BdntloBa  with  Tarylnf  tulphur  content. 


Composition  of  nolutlon  (half  formal). 


NatSi.Qo 
NaiSi.s 
NasSuM 
NasS«.M 
NatSt.w 
Nafl84.oo 
NasSf.M 


Potential 
of  cell. 


0.799 
.787 
.766 
.750 
.731 
.677 
.600 


Kflster's  data  were  supplemented  by  measurements  of  the  effect 
of  dilution,  given  under  the  next  heading. 


EFFECT   OF  DILUTION. 


A  few  measurements  were  made  on  solutions  of  Na^S.    The  poten- 
tials obtained  reached  constancy  very  slowly.     Solutions  containing 


^  Kaster,  F.  W.,  Bdtrtlge  zur  Kenntniss  der  Polysulflde:  Zeltachr.  anorg.  Chemie,  vol.  44,  pp.  430, 445. 
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some  polysulpliklp  gave  mt 
ments  of  such  solutions  hh 


re  oasUy  reproducible  values,  and  me 
shown  in  the  accompanying  table: 


Effnl  of  dilution  on  poUntial  ofeeU. 


tion. 

Nwfl. 

Na** 

NiiA. 

, 

o.m 

(HTM) 

:!!i 

(WS) 

!.««) 

Apparently  the  more  polysulphiile  there  is  present  the  less  marked 
is  theeffect  of  dilution.  But  the  potential  of  a  solution  of  even  the 
composition  Na^S,.,  varies  somewhat  with  dilution,  and  at  about 
0.015  formal  the  solution  decomposes,  with  separation  of  sulphur. 

The  potential  of  pure  Na,S  appears  to  change  by  about  0.07  for  a 
tenfold  dilution,  which  ia  not  at  onco  reconcilable  with  equation  (11 
(p.  47);  that  of  NajS,  about  two-thirds  as  much.  Extrapolating,  it 
would  seem  that  it  would  require  a  solution  of  rather  high  sulphur 
content,  possibly  as  high  as  Nh,S„  to  have  a  constant  potenti»l  inde- 
pendent of  the  dilution.  Such  a  solution  can  not,  however,  be 
prepared. 

If  wo  try  to  resolve  such  a  solution  into  two  components  it  appears 
thnt  ihesimjilcr  one  might  hens  complex  ns  Nn,S,,  which  would  make 
the  higher  one  Na,S,.  The  other  possible  components  would  be  equal 
amounts  of  Na,Sj  and  Na,S„  or  of  Na,S,  and  NajSm,  or  of  Na,S  and 
NajS„,  or,  lastly,  different  amounts  of  two  or  all  of  these  species. 
The  properties  of  the  higher  polysulphides  are  such,  however,  that 
the  assumption  of  much  of  the  species  Na,S  in  them  appears  unrea- 
sonable. 

We  can  gain  some  hght  on  this  perplejdng  situation  by  considering 
the  changes  in  potential  when  the  composition  of  the  solution  is  varied 
from  NajS  to  NajS,.  Measurements  were  made  with  this  point  in 
view,  and  some  of  the  results  are  given  in  the  following  table. 

In  seeking  a  mathematical  elucidation  of  the  results  let  us,  follow- 
ing custom,  see  if  the  potential  can  he  expressed  as  a  function  of  any 
two  molecular  species.  For  the  sake  of  simplicity  let  us  assume  that 
the  first  oxidation  product  is  disulphide,  according  to  the  reaction— 

2S--=(S,)--+2e 

3  a  relation  for  the  oxidation-reduction  poten- 


We  should  then  ha 
tial  like- 
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In  testing  this  equation  it  is  only  necessary  to  resolve  solutions  of 
compositions  between  NajS  and  NajS,  into  the  proper  mixtures  of  the 
two  species  as  shown  in  the  table  below  and  assume  that  the  ionic 
concentrations  are  proportional  to  the  molal. 

Potential  of  cAl  calculated  by  equation  {ft), 
fPt  / 1.0  molal  NasSs  / 1.0  nonnal  KCI  /  HgCl  /  ng+.] 


1 

Composi- 
tion X  in 
NatS,. 

Formal  ooncentratkm 
of- 

Potential 
observed. 

Eo  calca- 
latedby(2). 

NasS. 

NatSs. 

1.00 
1.20 
1.40 
1.60 
1.80 
2.00 

1.00 
.80 
.60 
.40 
.20 
.00 

0.00 
.20 
.40 
.60 
.80 

1.00 

0.828 
.800 
.786 
.778 
.772 
.768 

a  782 
.786 
.786 
.810 

As  the  above  table  shows,  equation  (2)  does  not  yield  a  constant 
value  of  Eq.  In  fact,  the  shape  of  the  potential  curve  suggests  that 
the  second  species  must  be  more  complex  than  NasS,.  Apparently 
an  excess  of  sulphur  forms  at  once  a  higher  polysulphide  than  Na^S,. 
The  nearest  approach  to  a  uniform  slope  in  the  curve  falls  between 
NasS)  and  Na^S,,  indicating  that  if  Na^S  is  one  member  the  other  is 
nearly  as  complex  as  Na2S4.     The  electric  oxidation  would  then  be 

giving  for  the  potential  the  expression— 


E=Eo-f:^log  fS-r 


(3) 


6    *^^[(S,)-] 
An  evaluation  of  Eq  by  this  equation  is  shown  in  the  next  table: 

Potentials  calculated  by  equation  (3). 


Composi- 
tion I  in 

NaiSx. 

1.50 
1.75 
2.00 
2.25 
2.50 
2.75 
3.00 
3.25 
3.50 

Formal  wncentration 
of- 

Potential 
ol>served. 

Eo  calcu- 
lated by 
(3). 

Na»S. 

NatSi. 

0.83 
.75 
.67 
.58 
.50 
.42 
.33 
.25 
.17 

0.17 
.25 
.33 
.42 
.50 
.58 
.67 
.75 
.83 

0.780 
.772 
.766 
.761 
.757 
.752 
.748 
.743 
.735 

a778 
.770 
.768 
.767 
.766 
.765 
.765 
.765 
.764 

It  will  be  seen  on  referring  to  the  table  that  equation  (3)  gives  a 
fairly  constant  value  of  E©  from  Na^S,  to  XajSj.  No  equation  as  com- 
plicated as  this  has  to  my  knowledge  been  applied  to  potAnti^L  xcl^^^ss- 
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urements  before,  although  Fredenhagen  suggested  such  equations.' 
An  equation  corresponding  to  the  intermediate  possibility,  namely, 

3S--={s,)--+4e 

was  fuuud  lc98  satisfactory  than  equation  (3). 

There  ia  one  other  possibility — that  of  writing  NaS  instead  of  Na^ 
for  the  "  disulphide,"  giving  the  reaction  — 


The  mathematical  teat  of  this  possibility  showed  that  it  does  not  fit 
the  facts,  except  incidentally,  for  compositions  near  Na,S,.j. 

CONOLDSrONS. 

The  conclusions  from  the  preceding  discussion  are  then  as  follows: 
The  electromotive  behavior  of  the  polysulpliides  resembles  in  a  gen- 
eral way  that  of  other  reversible  oxidation-reduction  potentials  involv- 
ing anions.  Although  it  is  impossible  to  account  for  the  behavior 
without  assuming  that  several  species  are  present  in  a  rather  com- 
pUcated  equilibrium,  it  appears  mmecessary  to  consider  Na^S,  one  of 
them  or  possibly  even  Na^Sj.  The  potentials  may  be  calculated  as  if 
they  depended  on  the  relative  concentrations  of  the  two  species  NajS 
and  NajS,  for  the  range  from  Na,S,  to  Na^,.  On  reaching  a  composi- 
tion near  Na^S,  a  rapid  shift  to  a  much  higher  sulphide  is  suggested. 

K  polysulphides  are  absent  equation  (1)  on  page  47  is  somewhat 
apphcahle;  if  they  are  present  equation  S3)  appears  most  applicable. 
Future  investigation  must  discover  an  expression  which  will  fit  the 
facts  for-  all  possible  combinations.  For  acid  solutions,  however, 
equation  (1)  b  satisfactory  over  wide  ranges  of  sulphide  ion  concen- 
tration. 

The  investigation  of  the  behavior  of  soluble  sulphides  has  proved 
very  instructive  with  regard  to  that  of  the  insoluUe  sulphides  if  one 
can  assume  that  the  potentials  noted  with  the  insoluble  sulphides 
are  due  to  certain  concentrations  of  sulphide  ions  or  polysulphide 
ions.  For  example,  the  potential  of  pyrite  would  certainly  be  ex- 
pected to  correspond  to  that  of  a  polysulphide,  and  its  electromotive 
behavior  is  entirely  consistent  with  that  view,  since  it  gives  a  higher 
potential  than  the  monosulphide  minerals. 

COBRBI^TION  OF  THE  MEABUBEKENTS  07  FOTBHTIAIl 


The  study  of  the  potential  of  various  combinations  of  solutions 
and  minerals  has  so  far  merely  opened  up  a  laige  number  of  new 
problems,  whose  complete  elucidation  will  require  further  study. 

■  FndcnlucMi,  C.,  Zur  Thsorle  d«r  Osfdatknis-  and  RedaetlootketUa:  ZMadu.  uioit.  Chaniit,  voL 
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Elnougli  has  been  done,  however,  to  establish  the  position  of  several 
minerals  in  the  electromotive  scale.  It  has  been  shown  that  oxi- 
dizing, reducing,  acid,  and  alkaline  solutions  in  contact  with  min- 
erals impart  widely  varying  potentials  to  the  minerals.  Neutral 
salts,  however,  have  less  effect  and  it  seems  reasonable  to  conclude 
that  the  potentials  shown  in  neutral  salt  solutions  which  are  not 
markedly  oxidizing  or  reducing  are  practically  identical  with  the 
potentials  that  the  minerals  would  assume  in  pure  water — that  is, 
they  are  due  to  the  solution  products  of  the  minerals.  The  chief 
sources  of  error  in  obtaining  such  potentials  are:  The  presence  of 
impurities  in  the  minute  fractures  and  pores  of  the  minerals;  the 
fact  that  the  atmospheric  environment  is  not,  in  general,  in  equi- 
librium with  the  minerals  and  their  solution  products;  and  the  ex- 
treme slowness  with  which  the  very  insoluble  minerals  attain  equi- 
librium with  solutions  in  contact  with  them. 

It  is  obvious  that  the  ions  formed  by  the  solution  of  most  minerals 
in  water  fall  into  the  class  of  easily  oxidizable  or  reducible  substances. 
The  mineral  potentials  are  therefore  ''oxidation  and  reduction  po- 
tentials.'' In  order  to  present  a  general  view  of  the  results  of  all 
possible  combinations  in  cells  of  different  types  so  that  the  values 
may  be  compared,  it  will  be  advantageous  to  assemble  in  one  table 
the  available  data  showing  single  potentials.  Such  a  table  has  been 
prepared  and  is  presented  on  page  56,  all  potentials  being  stated  on  the 
assumption  that  the  normal  calomel  electrode  has  a  potential  of  0.56 
volt-  The  concentrations  are  normal  unless  otherwise  stated,  except 
that  several  values  for  oxidizing  and  reducing  solutions  are  taken 
from  Bancroft's  data,  in  which  the  concentrations  were  about  one- 
fifth  normal.  An  attempt  will  be  made  to  apply  this  table  to  eluci- 
date combinations  foimd  in  nature. 

The  table  on  page  56  shows  the  oxidizing  or  reducing  potentials  of 
a  number  of  solutions,  as  well  as  the  positions  of  solid  conductors  in 
the  series  when  these  conductors  supply  their  own  solution  products. 
It  will  be  noted  that  the  sulphides  cover  a  relatively  narrow  range, 
so  narrow,  in  fact,  that  the  potentials  which  metallic  copper  might 
show  in  solutions  of  different  concentration  of  copper  sulphate  would 
embrace  nearly  the  whole  range.  It  is  this  fact,  coupled  with  their 
great  insolubility  and  the  slow  rate  at  which  they  attain  equiUbrium, 
that  has  made  an  exact  determination  of  the  positions  of  the  minerals 
difficult.  The  possible  usefuhiess  of  a  new  method  of  presentation, 
aimino:  to  indicate  the  direction  in  which  certain  chemical  i'eactions 
will  proceed,  is  the  main  justification  of  the  table.  I  am  well  aware 
that  future  study  may  alter  the  positions  of  the  minerals  sUghtly  if 
it  shall  prove  possible  to  refer  their  electromotive  behavior  to  revers- 
ible equiUbria.     Nevertheless  the  table  shows  a  natural  association 
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between  certain  solutions  and  minerals,  whether  one  regards  the  solu- 
tions aa  produced  from  the  minerals  or  the  muierals  as  produced  from 
the  solutions.  The  principal  qualification  necessary  ia  the  great  effect 
of  van-ing  concentration,  which  can  not  easily  bo  ahown  by  such  a 
table  aa  that  given  below.  For  example,  solublo  sulphides  may  im- 
part potentials  anywhere  from  —0.30  to  +0.60,  according  to  tlieir 
concentration. 

SingU  pntgntiahi  of  tolulion*  and  Molid  tieetroda. 


PoWtttal. 

Salld  condiielor  (In  wMr  or  adhiUoa 
KBMd;. 

PountU. 

ViM. 

+I.S 

+  1.47 
4LI1 

XiS 

+  .M 

+  '.:t 
+  .w 

+  -M 

II 

I:S 

-'.71 

-l^d  dUakl.  It.  U.i  ootmal  s.UphuiiP 

+  LM 

TbouSUiillb-™rai«;  iplpliiirlo  Kid 

M     Q5i(    In      1 

i'S 

B  Undue  cwlHln  conHitiDiu  mineral.*  may  [unction  u  u Hit tadtabls  electrodes  for  many  ol  tlifse  i 
T»ut  for  hydfOgBn  anil  oijgen  plallnljed  eleolrodes  ara  fasentlaL 
t  Jibm,  IlHndbiwli  cler  uiurgsnl'vhfii  Ctavinlu,  vol,  i^pt,  I,  pp.  f!t,  TW,  1908. 
t  Towet,  O.  F.j  EiiKjifnflbfT  fiiiperoiyil-ElaKlrodTO:  Zaltaolif.  ph>9lkBl.  Cbonile,  vol.  II,  pp.  17-SO, !«. 

*  mbaaon,  14.  T.,  Veba  Eleklrodea-roleijUale:  IdFin,  tdL  35,  p.  Sl-^,  IHn.    SohiUan  DOrmal  witb 
mpcvl  to  metallic  Ion. 

•  Cttlenlaled  a,i  shDwn  on  a  sutceedine  psee. 

/  [Janccali.  rofalciilatnl  by  Neiinuuin,  leW  das  Folentlsl  dn  Wassennoaimd  ainlgar  If  atalla:  Zpiiaclir. 
phTrikal.  Chemle,  voL  11,  p.  I3S,  l**!. 

I  The  value  slated  li  the  ■'rlrrlrolylli'.  potential"  tWllimore)  mlDUs  (6X0.0:s),corT(9paiuUnetaa>tip- 
pond  solution  Dl  a  milUunLh  nacninllanlc  ranetntratlan. 

1  RIctiards,  T.  W.,  anil  Dehr,  G.  K.,  The  eieciramotlye  fDire  of  iron  noder  Tsrylng  eandlHons  ai 

BflBclolocBlucIwlhyafagpni  fMTujlelnai,  SVaahlnglon  Pi  '    '" """      "' j.... ■-.. 

and  Behr,  — U.U  volt  against  Dormai  ferroua  sulpliate,  rr  ' 


It  is  well  known  that  certain  oxidation-reduction  potentials 
depend  on  the  ratio  of  the  concentrations  of  two  ions  of  higher  and 
lower  valence  concerned.'  But  if  a  single  pure  reagent  is  taken  in 
water  an  adjustment  immediately  occurs  with  the  other  ions  present, 
fixing  a  concentration  of  the  second  member,  so  that  as  a  rule  the 
potentials  of  single  reagents  have  a  perfectly  definite  meaning.     For 


■See  Peters,  R„Ueb 


i:  Zeltschr.  physical.  Chemle,  vol.  2e,  p.  301, 
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example,  such  reactions  with  ferric  and  ferrous  salts  may  be  repre- 
sented as  follows : 

4Fe^++  -f  4HO-  =4Fe^^  +  O,  -f  2H,0 
2Fe+^  -f  2H+  =2Fe-^+^  +  H, 

Theoretically  these  reactions  must  occur  and  modify  the  character  of 
the  water,  although  the  modification  of  the  water  is  usually  neglected.^ 
Except  for  this  action  the  potentials  of  solutions  of  single  pure  salts 
are  not  reversible.  The  oxidizing  and  reducing  solutions  are  perfectly 
available,  however,  for  furnishing  current  in  one  direction,  and  the 
potentials  thus  manifested  by  solutions  of  single  salts  are  shown  by 
the  table.  In  view  of  the  above  facts  all  oxidation  and  reduction 
potentials  might  be  regarded  as  due  to  certain  concentrations  of  oxy- 
gen and  hydrogen.  *  Such  concentrations  would  of  course  usually  be 
less  than  those  of  saturated  solutions;  moreover,  platinized  electrodes 
are  necessary  to  secure  a  proper  electric  action  of  oxygen  and  hydro- 
gen, whereas,  fortunately,  the  salts  may  enter  into  electromotive 
action  directly. 

A  very  interesting  distinction  has  been  brought  to  light  as  a  result 
of  the  study  of  mineral  electrodes.  The  solution  products  of  many 
minerals  in  water  are  so  dilute  that  their  potentials,  even  with  an 
''unattackable  electrode,"  would  correspond  to  very  small  concen- 
trations of  oxygen  or  hydrogen.  This  fact  led  to  the  thought  that 
water  itself,  in  the  presence  of  platinum,  may  be  assumed  to  have 
certain  concentrations  of  free  oxygen  and  hydrogen  in  equilibrium 
with  it,  and  that  it  would  be  interesting  to  calculate  the  potential 
which  would  be  shown  by  hydrogen  or  oxygen  electrodes,  with  the 
gases  at  the  pressures  possible  in  pure  water.  With  an  ideal  inert 
conductor  the  hydrogen  or  oxygen  might  not  need  to  be  at  atmos- 
pheric pressure  in  order  to  establish  a  definite  potential.  Such  an 
electrode  in  pure  water  should  have  the  potential  0.676  volt.  This  is 
calculated  as  follows: 

Lewis'  has  shown  that  the  electrode  [normal  OH",OJ  has  the  value 
+  0.674  volt  at  25*^  C,  and  according  to  Wilsmore  the  electrode 
[normal  H"*",H2]  has  the  value  +  0.277  volt.  We  may  calculate  the  po- 
tentials which  would  be  obtained  in  pure  water  in  which  the  hydro- 
gen and  hydroxyl  ions  have  the  concentration  1.05x10"^  by  the 
following  equations: 

Eo^  =  0.674  +  0.059  log  ^q^^^^q-^ 
Ee,  =  0.277 -0.059  log  ^q^^^q,^ 


1 A  similar  modification  of  water  by  silver  and  copper  was  established  by  F.  Fischer  (Zeitschr. 
physikal.  Cbemie,  vol.  52,  p.  55, 1905). 
*  Lewis,  O.  N.,  The  potential  of  the  oxygen  electrode:  Am.  Chem.  Soc.  Jour.,  vol.  28,  p.  170, 1906. 
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This  would  give   +1.087  volt  for  [waiOT,  O,]  ami   -0.136  Tolt  for 
[water,  HJ  bolll  gases  l>oUig  at  atmospheric  prossurp. 

Iq  figure  7  tha  tvri>  single  poientiah  1.087  and  —0.136  are  mdi-     . 
cated  !>r  thp  |Miinl»  A  and  C.     Wo  may  ntrw  calculate  the  poteoUab 
of  oxrgen  aud  bydmgcn  eiectrudes  at  partial  jovesures  less  Lhaa  one 
atmosphere  hr  the  following  equatioibi: 
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lis  ol  oiygeti  and  b^drogta  decUodaa  In  water. 

If  the  oxygen  is  at  a  lower  partial  pressure  than  atmospheric,  the 
potential  will  be  reduced  by  0.0148  volt  for  every  tenfold  decrease  in 
pressure.  This  decrease  is  shown  by  the  Une  AB.  With  a  tenfold 
decrease  in  partial  pressure  the  hydrogen  potential  rises  0,0296  volt, 
as  shown  by  the  hne  CD.  At  the  point  JV  both  gases  would  have  the 
same  pressure  and  the  potential,  indicated  by  P,  would  be  0,679  volt. 

The  potential  P  is  not  exactly  the  potential  which  we  are  seeking, 
sincein  the  purest  water  conceivable  the  partial  pressure  of  the  hydro- 
gen will  b©  twice  that  of  the  oxygen,  on  account  of  the  dissociation  of 
water  into  hydrogen  and  oxygen  according  to  the  equation 

2H,0=2H,  +  0, 
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It  is  true  that  the  concentrations  of  hydrogen  and  oxygen  in  water  are 
extremely  small,  but  they  appear  to  be  related  to  the  oxidizing  and 
reducing  power  of  solutions.  The  correction  on  account  of  the  slight 
difference  in  the  partial  pressures  of  oxygen  and  hydrogen  at  pres- 
sures so  low  would  reduce  the  above  potential  only  three  or  four 
thousandths  of  a  volt  and  is  therefore  almost  negligible  when  com- 
pared with  the  other  possible  uncertainties  in  the  value.  The  final 
corrected  potential  sought  is  0.676  referred  to  the  normal  calomel 
electrode. 

If  one  could  imagine  an  electrode  of  oxygen  at  a  lower  pressure 
than  that  corresponding  to  the  point  N,  it  would  have  alowerpotential 
than  a  hydrogen  electrode  at  the  same  pressure,  and  under  such  con- 
ditions water  would  decompose  spontaneously.  This  decomposition 
could  in  fact  occur  until  the  partial  pressure  of  the  hydrogen  became 
twice  that  of  the  oxygen,  but  no  longer,  a  fact  that  shows  the  reason- 
ableness of  considering  a  platinum  electrode  in  a  neutral  solution  at  a 
lower  potential  than  0.676  a  hydrogen  electrode,  following  the  line 
NG  instead  of  NB.  A  lower  potential  in  a  neutral  solution  must 
correspond  to  an  excess  of  hydrogen. 

Preuner  ^  has  calculated  the  equilibrium  constant  of  the  reaction 
2Ha+0,=2H,0  at  20'',  finding 


^¥^  =  5.7X10- 


This  becomes  1.6  X  10~"  at  25°,  at  which  temperature  the  vapor  pres- 
sure of  water  is  0.0031  atmosphere,  so  that  in  the  presence  of  liquid 
water  we  have 

(0.0031)'      l-^X^" 
or 

(H,)»  (O,)  =  1.5X10-" 

Now  in  pure  water  there  will  still  bo  two  volumes  of  free  hydrogen 
for  every  volume  of  free  oxygen,  so  that  we  may  write 

[2(0,)?  (Oj)  =  1.5X10-" 

whence 

(Oj)  =  7.2x10-28 

and 

(IIj)  =  1.4X10-" 

the  last  two  values  being  the  partial  pressures  of  oxygen  and  hydrogen 
in  pure  water. 

It  is  a  surprising  fact  that  at  the  partial  pressures  of  oxygen  and 
hydrogen  thus  calculated  the  potentials  of  the  two  electrodes  would  be 

^  Preuner,  0.,  Ueber  dio  Dissociationskonstante  dee  Wassers  und  die  elektromotorische  Kraft  des  Knall- 
gaskette:  Zdtachr.  pbysikal.  Chemie,  vol.  42,  p.  54, 1903. 
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0.670  snd  0.688,  if  the  calculation  is  made  oa  usual  from  the  values 
1,0S7  ftiid  —0.136  for  the  two  electrodes  in  water  aiid  at  atmospheric 
pressure,  with  a  mean  value  0.679  volt. 

We  now  have  two  values  for  the  potential  sought. 

Prom  Lewis's  and  Wilsmoro'a  vahies  when  Eo,  =  E^j 0.  676 

From  Preuner's  data  for  j>^  and  po, - 0.  679 

For  the  present  the  value  0.676  volt  will  suffice. 

Several  interesting  distinctions  may  be  drawn  in  regard  to  this 
potential.  Bearingimniud  the  fact  that  it  refers  to  a  neutral  solution 
wo  obtain  a  criterion  by  which  we  may  decide  whether  a  solution 
cont^ns  an  exceas  of  oxygen  or  hydrogen  over  the  amounts  necessary 
to  form  water.  Thus  aU  neutral  solutinna  imparting  a  higher  poten- 
tial than  0.676  to  an  nnattackablo  electrode  should  contain  an  excess 
of  free  oxygen,  whereas  those  giving  a  lower  potential  should  contain 
an  excess  of  free  hydrogen.  The  varions  oxidizing  and  reducing 
solutions  may  contain  almost  every  concentration  of  free  oxygen  and 
hydrogen.  Thus  waters  at  the  surface  of  the  earth  will  contain 
oxygen  at  a  pressure  of  about  one-fifth  of  an  atmosphere.  The 
oxygen  in  the  ground  water,  however,  will  be  considerably  reduced, 
passing  through  very  small  concentrations  until  at  a  certain  depth, 
differing  according  to  the  geologic  structure,  there  will  be  practically 
no  exceas  of  oxygtm  or  hydrogen.  Below  this  depth  hydrogen  will  be 
in  excess  at  concentrations  increasing  with  the  depth.  The  differen- 
tiating potontiid  0.676  will  be  higlier  in  acid  snhifi'.uis  itnd  lower  in 
alkaline  solutions,  but  it  is  most  convenient  to  discuss  its  applicatioa 
in  neutral  solutions.    It  is  a  sort  of  natural  zero  of  potential. 

Salts  of  the  metals  more  noble  than  copper  will  behave  like  oxidizing 
agents — that  is,  an  indifferent  electrode  immersed  in  them  will 
become  a  cathode  with  respect  to  tho  imaginary  electrode  of  0,676 
volt.  Combinations  such  as  water  /  metal  of  the  metals  less  noble 
than  copper  will  act  as  reducing  agents — that  is,  will  function  as 
anodes  agunst  the  reference  electrode.  According  to  the  same 
criterion  the  mineral  sulphides  would  be  feeble  redudng  agenta, 
although  their  solution  products  are  probably  hydrolyzed  slightly, 
yielding  feebly  alkaline  solutions.  -Considering  this  fact  they  may 
indeed  be  said  to  lie  very  near  the  point  where  the  solution  contains 
no  excess  of  oxygen  or  hydrogen. 

The  potential  shown  by  an  indifferent  electrode  in  a  ^vea  solution 
may  be  ascribed,  then,  to  two  factors,  one  of  them  a  certain  concen- 
tration of  oxygen  or  hydrogen,  the  other  a  certain  concentration  of 
acid  or  alkali.  A  potential  may  be  the  resultant  of  many  properties 
in  a  solution,  such  as  acidity,  oxidizing  power,  degree  of  ionization  or 
hydrolysis,  and  the  nature  of  the  cations  and  anions  present,  but  the 
^potential  can  be  interpreted  only  through  the  two  factors  just  men- 
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tioned.  The  line  of  demarcation  drawn  above,  0.676  volt,  applies 
only  to  neutral  solutions,  but  every  other  solution  would  have  a 
siniilarly  characteristic  potential  which  could  easily  be  calculated 
and  which  would  determine  its  oxidizing  or  reducing  power.  It  is 
interesting  to  observe  in  this  connection  that,  according  to  Bancroft's 
original  measurements,  neutral  ferrous  sulphate  has  a  single  potential 
of  0.63 — that  is,  it  is  feebly  reducing  according  to  the  above  criterion 
of  potential — ^whereas  an  acidified  solution  shows  a  potential  of  about 
0.79,  NaHSO,  is  given  the  value  0.66,  and  the  next  neutral  oxidizing 
agent  has  a  considerably  higher  value.  In  other  words  the  potential 
0.676  fits  in  very  well  as  a  dividing  Une  between  "oxidizing"  and 
''reducing"  solutions  in  Bancroft's  data  although  the  point  of  division 
can  not  be  located  exactly,  as  his  measurements  included  acid  and 
alkaline  as  well  as  neutral  reagents.^ 

It  is  a  general  rule  of  wide  application  that  if  two  reactions  c^n 
occur  simultaneously  at  the  same  electrode  one  will  proceed  until 
the  potential  of  the  other  has  been  reached.  A  solution  that  tends 
to  make  an  indifferent  electrode  a  cathode  combined  with  a  solid 
that  tends  to  fimction  as  anode  in  water  will  produce  spontaneously  a 
chemical  reaction. 

By  keeping  this  rule  in  mind  and  considering  the  several  possi- 
bilities in  any  given  combination  we  may  gain  some  idea  of  the 
nature  of  the  reaction  that  will  occur  when  a  given  mineral  and 
solution  are  brought  together.  Consider,  for  example,  a  piece  of 
iron  and  a  solution  of  gold.  The  table  on  page  56  shows  that  a 
gold  solution  is  an  oxidizing  solution  (+1.8  volts)  and  tends  to  make 
any  conductor  a  cathode.  Iron  ( —  0.32  volt),  on  the  other  hand,  tends 
to  function  as  anode.  On  bringing  the  two  together  the  iron  acts 
a  moment  as  cathode  until  some  gold  is  deposited,  then  as  anode, 
gold  being  precipitated  upon  itself  and  iron  going  into  solution. 
Since  neither  action  alone  is  polarizablo  the  combined  action  is  not 
polarizable  and  practically  all  the  gold  will  be  prcci[)itated  at  the 
expense  of  the  iron. 

Now  take  the  combination  of  pyrite  and  an  acidified  ferric  sulphate 
solution.  Ferric  sulphate  solution  tends  to  make  any  conductor 
a  cathode  with  very  little  polarization.  On  the  other  hand,  if  pyrite 
is  made  anode  in  water  it  is  easily  polarized  and  its  constituents 
are  partly  oxidized.  The  combined  result  of  pyrite  acting  simul- 
taneously as  cathode  and  anode  in  ferric  sulphate  is  that  ferric 
sulphate  is  reduced  to  the  extent  required  to  polarize  the  pyrite 
anodically,  a  Uttle  of  the  pyrite  thereby  being  oxidized.  Tliat  this 
occurs  is  shown  electrically  by  the  electromotive  force  of  the  cell: 

Platinum  /  acid  ferric  sulphate  /  water  /  pyrite 


1  Single  potentials  compiled  from  Bancroft's  data  by  Neumann,  Ueber  das  Potential  des  Wasserstoll 
nnd  einiger  MetaUe:  Zeltschr.  physikal.  Chemie,  vol.  14,  p.  228, 1S94. 
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that  is,  by  separating  the  reacting  substances,  for  otherwise  no 
current  would  be  evident.  Or  it  may  be  shown  chemically  as  follows: 
If  pyrite  13  placed  in  a  very  dilute  solution  of  pota^ium  ferricyanide 
at  the  right  concentration  a  precipitate  of  Turnbull's  blue  will  be 
formed  slowly  from  ferrous  salt  dissolved  from  the  pyrit«  and  the 
ferricyanide.  If,  however,  some  acidified  ferric  sulphate  solution 
ie  added  the  precipitate  forms  rapidly  a  thin  adhering  blue  film  on  the 
pyrit*.  The  explanation  of  this  action  is  that  the  ferric  sulphate 
ie  slightly  reduced  and  the  pyrite  ia  oxidized,  so  that  a  reaction 
occurs  in  the  boimdary  layer.  It  ia  possible  to  obtain  such  coatings 
quickly  on  many  minerals  by  using  solutions  well  separated  from  them 
in  the  potential  series. 

A  combination  of  any  pair  of  the  solutions  or  conductors  whose 
single  potentials  are  given  in  the  table  on  page  56  will  constitute  a 
cell  that  will  yield  an  electric  current  on  completing  the  circuit. 
Some  of  these  cells  will  bo  very  easily  polarizable  and  others  less  so, 
as  was  shown  in  the  earlier  pages.  An  extended  study  of  polarization 
would  midoubt«dly  disclose  interesting  relations  between  rales  of 
oxidation,  diffusion,  porosity,  and  other  factors,  but  tluB  study  must 
be  reserved  for  another  time.  The  table  plainly  indicates,  however, 
in  general,  the  degree  of  compatibility  of  various  solutions  and  min- 
eral'i  with  each  other;  the  nearer  equal  their  potentials  the  greater 
will  bo  the  chance  of  compatibility. 

_  APPUCATION  TO   ORE  DEPOSITION. 

OENEKAL  CONDITIOHS. 

It  is  evident  from  the  preceding  discussion  that  ore  depodts 
are  likely  to  be  the  seat  of  countless  differences  in  electric  potential 
between  both  ores  and  solutions,  the  whole  system  being  instable 
and  subject  to  continuous  change.  Geolo^c  changes  expose  large 
areas  to  chemical  attack.  Chemical  differences  thus  produced 
will  generate  electromotive  forces,  which,  if  opportunity  ia  afforded, 
will  produce  currents  operating  to  equalize  the  differences  in  poten- 
tial. Diffusion  in  and  through  the  solutions  will  also  generate 
feeble  electric  currents  and,  conversely,  electric  currents  may  influ- 
ence the  diffusion  and  transference  of  matter.  The  greater  electric 
conductivity  of  solutions  as  compared  with  conducting  minerals 
will  probably  restrict  the  currents  to  solutions  wherever  two  courses 
may  be  possible. 

If  a  particle  of  ore  without  electric  potential  could  be  transferred 
in  that  condition  to  a  solution  it  would  at  once  assume  an  electric 
charge.  Without  attempting  to  explain  tliis  phenomenon,  one 
may  say  that  the  particle  of  ore  has  become  slightly  polarized  and 
will  remain  polarized  until  the  system  is  reduced  to  electric  uni- 
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formity  by  chemical  action  or  until  there  is  an  addition  or  subtrac- 
tion of  electricity.  While  it  is  in  the  solution  the  ore  will  be  pro- 
tected somewhat  from  chemical  attack  or,  on  the  other  hand,  it 
may  be  made  more  Uable  to  attack,  according  as  the  polarization  is 
positive  or  n^ative.  If  a  current  is  generated  a  chemical  change 
will  occur  either  in  the  ore  or  in  the  solutions  bathing  the  ore.  It 
has  been  shown  that  when  the  current  is  in  the  direction  "solution  to 
ore"  the  chemical  change  is  a  ''reduction."  Conversely,  a  current 
from  ore  to  solution  must  be  accompanied  by  oxidation.  Whatever 
may  be  the  course  of  the  current,  secondary  reactions  may  cause  the 
precipitation  of  insoluble  films  on  the  minerals  that  form  the  elec- 
trodes. 

It  is  conceivable  that  differences  in  degree  of  polarization  might 
affect  the  growth  or  solution  of  minerals  and  thus  lead  to  variation 
in  crystal  form,  distortion,  unequal  development  of  the  different 
faces,  and  like  effects.  The  polarization  need  not  be  caused  wholly 
by  the  solution  immediately  in  contact  with  an  ore;  it  might  be  the 
result  of  electric  activity  at  another  point,  the  current  being  trans- 
mitted through  the  conducting  ore.  Though  crystallization  and 
solution  are  affected  by  foreign  salts  in  solution  no  attempt  has 
been  made,  so  far  as  I  am  aware,  to  correlate  these  effects  with 
electric  conditions,  partly,  no  doubt,  for  the  reason  that  the  crys- 
tallization of  electrically  conducting  minerals  can  not  be  studied 
under  conditions  as  favorable  as  those  available  for  the  study  of  the 
crystallization  of  more  soluble  substances.  If  it  is  granted  that 
different  crystal  faces  have  different  solubilities  this  fact  would 
demand  as  a  coroUary  that  there  should  be  different  degrees  of 
electric  polarization  on  the  different  faces. 

Electric  activity  is  most  Ukely  to  come  into  play  in  ore  deposits, 
however,  when  a  single  mineral  or  body  of  ore  is  bathed  by  different 
solutions  at  different  places.  The  electric  circuit  afforded  by  such 
conditions  would  be  like  the  following  cell: 

H-Pyrite  /  acid  ferric  sulphate  /  potassium  chloride  /  sodium  sulphide 

/  pyritc  - 

If,  on  the  other  hand,  two  different  minerals  are  involved,  the  cell 
may  be  of  a  simpler  type,  like  the  following: 

+  Marcasite  /  potassium  chloride  /  galena  — 
or 

+  Marcasite  /  potassium  chloride  /  sodium  sulphide  /  pyrite  — 

At  each  of  the  above  electrodes  some  local  action,  either  chemical 
or  electric,  would  doubtless  occur  immediately;  there  would  remain  a 
residual  potential,  hov/ever,  which  would  be  available  for.producing 
further  effects,  possibly  at  more  or  less  remote  points. 
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If  tt  considerable  mass  of  ore  is  in  contact  near  the  surface  with 
an  oxidizing  solution— for  example,  acidified  ferric  sulphate — and 
at  depth  mth  a  less  oxidized  sohition — as  ferrous  sulphate  (thero 
being  also*  any  circuitous  hquid  connection) — electric  action  should 
result  in  the  oxidation  of  the  lower  solution  and  reduction  of  the  upper 
solution  until  equilibrium  is  attained.  The  current  would  pasa 
downward  in  the  solid  conductor  and  upward  in  the  electrolytic 
conductor — a  vein  solution,  for  example — in  which  tho  current 
would  consist  in  the  migration  of  cations  upward  and  of  anions  down- 
ward, Practically  every  kind  of  solution  could  function  to  some 
extent  at  either  one  end  or  the  other  of  the  cell  suggested.  Cathodlo 
effects,  such  aa  those  described  on  page  21,  would  occur  chiefly  at 
tho  upper  levels;  anodic  eflfecta  would  predominate  at  the  lower 
levels. 

By  such  "  chemical  action  at  a  distance"  '■  it  would  seera  that  (he 
oxidizing  and  reducing  zones  would  be  extended  either  in  one  direc- 
tion or  the  other  somewhat  faster  and  possibly  further  than  by 
diffusion  alone.'  As  a  matter  of  fact  tho  process  should  probably  be 
conceived  not  aa  extending  from  a  given  point  to  a  remote  point 
but  as  creeping  along  veins  by  local  action,  producing  an  extended 
zone  at  an  intermediate  stage  of  oxidation  or  reduction. 

In  the  action  suggested  above  the  prime  mover,  of  course,  is  tha 
ferric  sulphate  produced  by  the  oxidizing  power  of  the  atraosphort, 
and  this  oxidizing  power  of  the  surface  solution  is  available  through 
electric  action  at  points  in  front  (if  ur  below  the  oxidizing  solution. 
In  the  same  way  a  reducing  solution  at  depth  could  exert  an  influ- 
ence above  it  through  electric  action.  As  coming  eventa  cast  their 
shadows  before,  a  solution  of  sodium  sulphide  rising  through  a 
metalliferous  vein  system  would  by  electric  action  tend  to  predp- 
itate  gold,  silver,  and  copper  on  the  minerals  above.  Of  course, 
there  would  be  a  limit  to  the  extent  of  either  action,  a  limit  set  by  a 
lack  of  proper  electric  circuits  and  by  polarization,  but  the  essential 
point  is  that  electric  action  may  cause  "chemical  action  at  a  dis- 
tance." 

DEPOSITION  OF  CUES. 

Ores  are  doubtless  formed  in  a  great  many  ways.  Some  sulpludes 
appear  to  have  been  segregated  during  periods  of  igneous  activity; 
others  occur  where  obviously  there  was  no  igneous  activity.  In  all  the 
varied  changes  to  which  the  compounds  of  the  valuable  metals  are 
subjected  fractional  solution  and  precipitation  seem  to  predominate. 


i 


r:  Zeltsclir.  pb^stkal.  Cbemle,  vol.  U,  p.  300,  ISM, 
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According  to  lindgren  ^  the  chief  causes  that  produce  ore  precipitin 
tion  from  aqueous  solutions  are  (1)  mingling  with  other  waters  and 
(2)  redudng  agents.  It  is  in  the  course  of  these  changes  that  electric 
activity  becomes  a  factor  demanding  consideration.  One  way  in 
which  electric  action  may  effect  at  least  ore  solutions,  and  presumably 
the  deposition  of  ores,  by  equalizing  chemical  differences  along  veins 
has  been  mentioned.  Another  effect  of  electric  activity  would  be  to 
keep  the  ores  in  a  polarized  state.  The  citation  of  known  facta  to 
explain  the  deposition  of  sulphides  must  necessarily  be  conjoined 
with  qualifications  due  to  imcertainty  about  the  solutions.  In 
general,  however,  the  phenomena  of  deposition  would  probably  be  the 
reverse  of  those  of  solution.  Other  things  being  equal,  an  electric 
potential  at  which  one  mineral  would  be  stable  might  differ  from  that 
at  which  another  mineral  would  be  stable.  The  several  sulphides  are 
by  no  means  equally  precipitable  from  solutions  containing  two  or 
more  metallic  salts,  and  though  that  fact  has  heretofore  been  ascribed 
whoVy  to  specific  differences  in  solubility,  there  may  be  reciprocal 
relations  between  the  electro-affinities  of  the  metals  and  their  pre- 
cipitation by  a  sulphide  which  should  be  elucidated. 

In  considering  the  protection  from  chemical  action  afforded  by 
electric  polarization,  it  may  be  recalled  that  some  metals  are  rendered 
''passive"  by  making  them  anodes  for  a  short  time.  Similarly,  the 
polarization  of  sulphides  by  positive  electrification  would  tmdoubt- 
edly  preserve  them  by  maintaining  around  them  a  film  of  hydrogen 
sulphide.  Some  years  ago  A.  N.  Winchell '  studied  the  rate  of  solu- 
tion of  pyrite  imdcr  certain  conditions.  His  results  are  almost 
valueless  for  our  present  purposes  because,  luifortunately,  he  placed 
the  pyrite  upon  a  screen  of  metallic  aluminum,  which  must  have 
formed  an  electrolytic  couple  with  the  pyrite  and  to  some  extent 
protected  it.  Winchell  noted  the  presence  of  aluminum  salt  in  the 
solution.  Recently  Graton  and  Murdoch '  have  called  attention  to 
the  fact  that  pyrite  is  one  of  the  last  of  the  sulphides  to  succumb  to 
alteration  but  note  that  in  decomposing  it  maintains  a  bright,  clean 
appearance.  The  measurements  of  its  potential  are  consistent  with 
these  facts  and  the  brightening  effect  of  a  very  feeble  cathodic  polari- 
zation of  pyrite  was  noted  in  the  electrolytic  experiments. 

With  a  large  current  almost  any  metal  may  be  plated  out  on  sul- 
phides; with  a  smaller  current  and  potential,  however,  a  sulphide 
may  be  formed  instead  of  the  free  metal,  just  as  a  forced  electroly- 
sis of  an  acid  or  of  an  alkali  salt  with  a  mineral  sulphido  electrode 

1  Lindgren,  Waldemar,  Boon.  Geology,  voL  1,  p.  40, 1905. 
s  Winchell,  A.  N.,  The  oxidation  of  pyrite:  Eoon.  Geology ,  vol.  2,  p.  291 ,  1907. 

*  Graton,  L.  C,  and  Murdoch,  J.,  The  sulphide  ores  of  copper,  some  results  of  microsoopic  study:  Am. 
Inst.  Min.  Eng.  Trans.,  Feb.,  1913. 
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evolves  hydrogen,  whureos  a  feeble  current  generates  a  soluble  sul- 
phide. Even  feeble  currents  ordinarily  precipitate  only  free  gold  or 
silver,  but  the  slow  jirccipitation  of  copper  oq  even  pyrite  might 
produce  some  cuprous  sulphide.  So  far,  however,  cuprous  sulphide 
has  not  been  produced  electrolyticaUy  under  conditions  that  would 
afford  unquestionable  results.  In  the  electrodeposition  of  copper  for 
analytical  purposes,  in  the  presence  of  sulphates,  the  copper  is  some- 
times tarnished  by  sulphide,  but  it  is  doubtful  whether  this  observa- 
tion is  applicable  in  a  theory  of  ore  deposition.  If,  however,  electric 
currents  might  direct  metallic  ions  toward  the  conducting  sulphides, 
the  mctuthetical  reactions  which  would  then  occur  are  clearly  indi- 
cated by  Schurmann's  series.'  The  suspicion  that  electric  factors 
are  not  wholly  negUgiblo,  even  in  metathetical  reactions  involving 
metaUic  ions,  is  greatly  strengthened  by  the  fact  that  there  is  a  rough 
parallchsm  between  SchOrmann'a  series  and  the  "electrolytic  poten- 
tial" series  of  the  metals  to  bo  considered  below.  At  present,  how- 
ever, there  are  absolutely  no  data  on  the  subject. 

More  definite  statements  can  be  made  about  the  metals  than  about 
the  sulphides,  as  their  behavior  has  been  shown  by  many  experiments 
in  electroanalysis  and  related  chemical  processes.  From  a  mixture  of 
metallic  salts  in  solution  the  metal  of  lowest  sohiUon  tension  will  tend 
to  deposit  first  in  electrolysis,  in  accordance  with  the  well-known 
"deposition  potentials."  The  following  table  of  electrolytic  poten- 
tials gives  tho  value  assumed  by  the  metal  in  a  solution  normal  with 
respect  to  the  metaUic  ion : ' 

Electrolytic  potentialt. 

Au  -1-1. 366 

Pt  +1.140 

Pd  +1.066 

Ag +1.048 

Hg +1.027 

Some  of  the  above  values  have  been  changed  from  time  bo  time  as 
better  determinations  of  ihB  ionic  concentratjons  have  been  made,  the 
latest  value  for  silver  being  1.06  volts,  and  for  gold,  about  1.8.* 

It  will  be  noticed  that  gold,  platinum,  palladium,  silver,  and  mw- 
cury  show  higher  potentials  in  normal  solutions  of  their  respective 
ions  than  most  of  the  minerals  that  have  been  studied  show  in  salt 
solutions.  Therefore,  in  cells  constructed  as  follows: 
+  Metal  /  metal  solution  /  potassium  chloride  /  conducting  mineral— 
tliese  metals  deposit  spontaneously  until  polarization  puts  a  stop  to 
the  action.     In  such  a  cell  the  mineral  is  oxidized  simultaneously 

'  For  the  latest  dlscusdon  of  the  appUcatlon  ol  this  series  sea  Kmmons.  W .  H.,  The  enrichnieiil  al  aulphtd* 
ons:  IT.  8.  Geol.  Survey  BuU.  52»,  1913. 
>  Wilsmore,  N.  T.,  Ueber  ElektniOen-Foteii lisle:  Zeit«hi.  physlkBl.  Ctiemie,  val.  3b,  p.  IIS,  IMo. 
'  Ahegg,  BuidbuchdetuiargudacbeiiChemle,  vol.  2,  pt.  l,pp.  6T4,  7§S,  19I)B. 


Sb  +0.743 

H    +a277 

Bi  +  .688 

Pb  +  .  129 

As  +  .570 

Sn  +  .08S 

Cu  +  .808 

Ni  +  .048 

Co  +  .0*5 
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intii  the  depoaition  of  the  gold,  silver,  or  other  metal.  In  specu- 
lating on  the  starting  of  such  action  in  nature  it  may  be  noted  that 
most  specimens  not  only  have  ''points  of  weakness"  but  that  in 
nature  several  sulphides  are  likely  to  be  in  association  so  that 
deposition  seems  likely  to  start  unequally.  No  specimens  of  com- 
mercial iron  and  steel  are  so  uniform  throughout  in  composition 
or  texture  that  some  local  electric  action  does  not  occur  when  they 
are  inunersed  in  solution.^  In  such  specimens  there  are  always 
some  points  of  greater  ''solution  tension"  than  otJieis.  We  may 
perhaps  assume  that  ores  wiU  also  vaiy  somewhat  in  structure  or 
composition.  When  deposition  has  stfurted,  the  metal  deposited  is 
very  likely  to  serve  as  catliode  for  the  deposition  of  more,  and  the 
principal  factor  limiting  electric  action  is  then  the  polarizability  of  the 
oxidiadng  sulphide.  (See  p.  18.)  In  this  way  the  natural  occurrence 
of  filaments  and  nuggets  may  be  very  readily  explained  as  due  to 
electrodeposition  in  which  the  oxidation  of  a  mineral  more  or  less 
removed  from  the  metal,  if  only  still  connected  by  the  thinnest 
metallic  thread,  is  an  essential  part  of  the  process.  That  silver 
deposited  by  electrolysis  is  prone  to  form  beautiful  crystals  is  well 
known,  although  I  am  not  aware  that  gold  crystals  have  been  so 
produced  in  the  laboratory.  I  have  observed  nuggets  of  gold,  how- 
ever, which  possessed  a  crystalline  "treelike"  structure  exactly  like 
that  so  well  manifested  by  silver. 

In  order  to  see  how  solutions  of  the  above-mentiopied  metals  would 
affect  pyrite,  the  following  experiments  were  performed:  Small 
weighed  pieces  of  pyrite  were  placed  in  solutions  of  gold,  platinum, 
and  silver.  It  was  found  that  5.2  milligrams  of  gold  were  precipi- 
tated on  a  gram  of  pyrite  in  two  days  from  a  chlorauric  acid  solution. 
Platinum  was  not  visibly  deposited  in  the  same  time  from  a  chlor- 
platinic  acid  solution,  but  after  several  dayB  0.4  milligram  was 
deposited.  A  piece  of  -pynie  gained  0.3  miUigram  after  standing  in  a 
silver  nitrate  solution  for  10  days.' 

A  number  of  quaUtative  experiments  of  a  similar  character  are 
described  by  Skey.*  One  or  two  quotations  will  show  the  nature  of 
his  experiments: 

I  therefore  agitated  a  little  finely  powdered  galena  with  a  weak  solution  of  terchlo- 
ride  of  gold,  omitting  the  addition  of  organic  matter  and  taking  every  precaution 
against  its  presence  accidentally,  when  I  found,  after  a  little  while,  the  gold  sohition 
had  become  quite  colorlcfls,  and  on  testing  it  not  a  trace  of  this  metal  could  be  found; 

1  Cushman  and  Gardner,  Corrosion  and  preservation  of  iron  and  steel,  p.  51, 1010. 

*  Very  interesting  and  much  more  extended  experiments  of  a  like  nature  have  since  been  made  by 
Chase  Palmer  and  E.  S.  Dastin,  who  investigated  the  behavior  of  a  large  number  of  metalUo  minerals  as 
precipitants  of  silver  and  gold  and  classifled  them  with  regard  to  their  activities.  See  Eoon.  Geology, 
vol.  8,  pp.  140-170,  1913.  See  also  the  results  of  the  work  of  A.  C.  Speocer,  in  Eoon.  Geology,  vol.  8, 
p.  629,  1913. 

s  Skey,  W..  On  the  reduction  of  certain  metals  from  their  solutton  by  metalUc  sulphides,  and  the  rela- 
tion of  til  is  to  the  oocurrenco  of  such  metals  in  the  native  state:  New  Zealand  InsU  Trans,  and  l*roc.,  voL  3« 
p.  225.  1S7(». 
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it  had  evidently  been  absorbed,  ss  it  were,  by  the  galena,  »nd,  id  fad,  s  cwful 
inspection  of  the  minerul  ehowed  it  to  be  feebly  gilded.     •     •    • 

Chloride  of  gold  was  aleo  found  to  be  reduced  by  contact  with  [he  following  sul- 
phidee — sulphides  of  iron,  copper,  line,  tin,  molybdeauoi,  lead,  roercurj'.  silver, 
uitimony,  bismuth,  arBenic,  platinum,  and  gold;  and  ftmong  the  ai«enidee,  misipickel 
and  arsenido  of  mlver;  cubii-al  iron  pyrilea  is  rather  slow  in  its  action  upon  this 
solution  of  gold,  while  sulphide  of  antimony  scarcely  affects  it  at  all  at  firat,  but  alter 
■ome  hours  contact  with  it  reduction  goee  on  rapidly,  perhaps  by  aid  of  some  voltaic 
action.  All  theseeflecte  were  produced  at  common  temperatures  (with  the  exception 
of  that  with  sutpbido  of  bismuth),  while  other  experiments  with  iron  and  copper 
pyriWe  prove  that  Bimilar  eftetta  are  produced  when  all  hind  oE  light  is  excluded, 
BO  there  is  no  reason  to  suppose  that  light  has  been  (vnr.'erned  in  any  of  these  reac- 

A  portion  of  the  metal  of  the  sulphide  operated  upon  was  uniformly  found  in  the 
Solution  afterward,  and  also  eulpburic  acid;  the  mode,  therefore,  in  which  them 
efiectB  were  produced  was  evidently  by  the  oxidation  of  both  the  constilueuta  of  the 
nucleus  employed  at  the  eipense  of  the  chloride  of  gold.  ■  •  *  Enough  has 
been  discovered  to  show  that  silver  and  one  or  more  of  the  melals  of  the  platinum 
serice  are  reduced  from  their  soluble  salts  by  these  eubelancee  generally.     *    •    • 

MlieQ  common  iron  pyrites  and  guleua  are  placed  in  dilute  acida  or  saline  solutions 
within  a  short  distance  of  each  oth>-r  and  connected  by  platinum  wir^s  with  a  solu- 
tion of  gold  chloride  contained  in  a  separate  vessel,  it  will  be  found,  after  the  expira- 
tion of  a  few  hours,  that  the  wire  connected  with  the  galena  has  been  well  gilded 
ow-r  that  end  of  it  submerged  in  the  gold  solution    *    •    *. 

These  results,  taken  in  connection  with  the  abundance  of  metallic  sulphides  in 
many  of  our  mineral  veins  and  rocks,  make  it  appear  very  probable  that  mu<h  of 
our  native  gold,  silver,  and  platinum  have  been  electrodepoaited  from  saline  solu- 
lions  by  voltaic  action  set  up  by  tlie  contact  of  dissimilar  sulphides,  or  sulphides 
with  more  negative  subelancee,  such  a»  hematite,  magnetile,  or  ferruginous  rocks. 

Tlie  tfiKlcncy  of  metals  to  precipitate  by  eJectrodepoaition  may  be 
expressed  quantitBtively  by  the  well-known  formulas  for  the  pot«H 
tials  of  concentration  cells,  ^uce  this  tendency  decreases  with 
diminishing  concentration,  it  should  be  possible  to  calculate  the 
degree  of  dilution  at  which  solutions  of  gold,  copper,  or  ralver  would 
cease  to  deposit  the  metals  at  a  given  potential.  The  calculatioD  k 
as  follows :  Let  the  given  potential  be  +  0.50  volt,  a  value  about  equal 
to  tliat  found  for  galena  in  dilute  salt  solutions:  How  dilute  must  a 
solution  of  a  metal  be  to  give  this  potential  against  the  metal  ? 

The  following  equations  express  the  relation  between  the  potentiala 
of  gold,  silver,  and  copper  in  solutions  of  their  salts  and  the  concentra- 
tions of  the  salts: 

Ec»**  =  0.6H-0.029  log  Cc=** 

Ei«*=1.0C -1-0.059  logCA^-* 

E»„*  =  1.8 -1-0.059  log  C«* 

in  which  C,  the  concentration  of  the  respective  ions  Cu*+,  Ag*,  and 

Au"^,  is  expressed  in  gram  equivalents  per  hter.     Substituting  0.50 

for  E  in  each  equation  and  solving  for  C  we  have: 

Ccu-"  =  4.2X10-* 

CV  =1.1X10-" 

C„*  =0.9X10-*' 
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Solutions  whose  normatity  is  lower  than  the  numbers  just  given 
would  have  no  tendency  to  overcome  a  voltage  of  +0.50.  It  is  seen 
that  such  a  solution  would  be  exceedingly  dilute  for  gold  (not  quite  so 
dilute  for  the  metal  as  the  number  given  for  the  aurous  ion  because 
gold  solutions  are  not  completely  ionized  into  aurous  ion,  but  still  very 
dilute),  very  dilute  for  silver,  and  rather  dilute  for  copper.  Similar 
calculation  could  be  made  for  other  potentials  than  0.50  volt. 

Deposition  of  the  valuable  metals  could  be  brought  about  not  only 
at  the  expense  of  an  oxidizable  mineral  in  the  manner  just  considered 
but  also  by  a  combination  of  a  rather  inert  mineral  like  pyrite  with 
any  reducing  solution.     The  cell  would  be  of  thb  form: 

-f-  Pyrite  /  metal  solution  /  reducing  solution  /  pyrite  — 

As  a  very  simple  demonstration  of  this  mode  of  action  in  the  depo- 
rition  of  silver  from  silver  sulphate  by  sodium  sulphide  the  following 
experiment  was  performed:  A  few  drops  of  silver  sulphate  solution 
were  placed  on  the  smooth  face  of  a  large  crystal  of  pyrite.  Some 
distance  away,  on  the  same  crystal,  a  few  drops  of  sodium  sulphide 
were  placed.  The  two  solutions  were  then  connected  by  a  small 
U-shaped  capillary  tube  filled  with  water.  In  the  course  of  an  hour 
crystals  of  silver  could  be  distinguished  on  the  pyrite  in  the  silver 
sulphate  solution.  This  experiment  shows  how  associations  of  the 
valuable  metals  with  conducting  minerals  may  be  produced  in  nature 
by  the  electromotive  power  of  reducing  .solutions  at  another  point. 
Tliis  mode  of  action  was  mentioned  on  page  64  under  the  heading 
"General  conditions." 

The  present  study  is  not  to  emphasize  the  fact  that  sulphides, 
either  soluble  or  insoluble,  are  capable  of  reducing  solutions  of  gold, 
silver,  and  certain  other  metals,  for  that  has  long  been  known,  but  to 
show  that  electric  action  may  produce  forms  and  associations  of 
those  metals  which  can  not  bo  explained  otherwise. 

SOLUTION  OF  OBES. 

The  solution  of  ores  may  be  the  result  of  many  different  chemical 
agencies,  but  the  facts  presented  in  the  preceding  pages  indicate  that 
electric  action  may  be  one  of  the  factors  where  conducting  minerals 
are  present.  The  evidence  afforded  by  experiment  shows  that  a  cur- 
rent passing  from  mineral  to  solution  will  produce  oxidation — of  the 
solution  first  if  it  is  oxidizable,  otherwise  of  the  mineral.  The  order 
in  which  the  various  solutions  would  be  oxidized  is  shown  by  the 
table  on  page  56.  Alkali  sulphides  would  go  first,  then  alkali  hydro- 
sulphides,  if  present,  and  finally  the  ores,  if  no  further  reducing  agents 
were  present  in  the  solution.  Of  several  ores,  the  one  of  lowest  poten- 
tial would  tend  to  be  oxidized  first. 
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Although  the  order  in  whioh  the  substances  othor  than  ores  would 
be  oxidized  in  ore  deposits  is  here  stated,  it  is  believed,  for  the  Cret 
time,  the  i&ct  that  tliis  principle  was  applied  to  ores  long  ago  by  Skey 
soem^  to  have  been  generally  overlooked.     Skey  says : ' 

Id  a  nuturaJ  way,  therefore,  the  conUct  of  diagimilar  sulphides  geaeralty  should  eet 
□pgalvaDicaclionandchcinif^aldecompoeitiDn,  aiidbyoctlingup  thtaiictio&  we  mi^t 
have  an  eaaily  decompoaable  sulpbiile  preserved  by  the  asHociation  with  it  of  one  still 
more  ready  lo  decompose. 

Tlie  increased  oxidation  of  one  sulphide  in  contact  with  another 
V&s  noted  in  chemical  studies  by  Gottschalk  and  Buehler  before  they 
developed  an  explanation  in  terms  of  electric  action. 

The  residtij  of  experiments  suggest  tliat  magnetite,  marcasite, 
pyrite,  and  chalcopyrite  should  be  more  reaiBtant  to  oxidation,  and 
that  chalcocite,  pyrrhotite,  and  galena  sliould  bo  oxidized  more 
rapidly  than  the  former  when  in  contact  with  them.  A  very  impor- 
tant factor  in  any  electric  action,  however,  is  the  polarizability  of  the 
electrodes.  The  study  of  their  polarizability  showed  that  certain 
minerals  were  oxidized  in  the  following  order,  the  series  beginjung 
with  the  one  which  would  be  oxidized  most  rapidly:  Iron,  copper, 
ralver,  chalcocite,  galena,  pyrrhotite,  covellite,  marcasite,  chalcopyrite, 
pyrite,  and  magnetite.  It  should  be  emphasized  that  tlus  series  shows 
speed  effects,  which  may  constitute  an  important  factor  in  the  altera- 
tion of  the  ores.  The  series  by  itself  is  probably  not  sufficient  to 
indicate  an  order  of  occurrence  in  nature,  nor  does  the  order  corre- 
Bpond  exactly  with  the  electromotive  series;  both  series  are  signifi- 
cant, but  their  application  must  depend  on  the  nature  of  the  concep- 
tion of  the  phenomena  taking  place  in  ore  deposits — that  is,  whether 
they  are  viewed  aa  equilibria  or  as  effects  of  varying  rates  of  oxida- 
tion. With  the  principle  that  the  mineral  of  lowest  potential  wiD 
tend  to  be  oxidized  first  must  therefore  be  linked  a  second  principle — 
that  every  electrolytic  process  is  accompanied  by  corresponding  polar- 
ization. For  example,  pyrrhotite  shows  a  lower  potential  than  py- 
rite in  a  salt  solution,  but  if  a  current  passes  from  the  pyrrhotite  fo 
the  pyrite  through  the  solution  it  forms  alkali  sulphide  around  t^e 
pyrite  and  the  effective  electromotive  force  falls  to  millivolts  or  less. 
TTiere  are  countereffects  in  electrolytic  action  at  every  stage,  and  the 
speed  of  such  action  would  under  many  conditions  be  limited  by  proo- 
esees  of  diffusion. 

Mectrochemists  are  familiar  with  a  class  of  feeble  currents  known 
aa  "remdual  currents."  For  example,  the  apphcation  of  a  low' elec- 
tromotive force  to  the  electrolyms  of  water  with  platinum  electrodes 
soon  "polarizes"  the  electrodes  with  hydrogen  and  oxygen;  furtlier 
current  flows  only  as  fast  as  the  gases  dissolve  in  the  solution  and  <tif- 
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fuse  out  of  it  into  the  air.  The  disappearance  of  an  unstable  mineral 
mig^t  be  the  supposed  ultimate  result  of  electric  action  between  two 
or  more  ores,  but  practically  this  would  occur  yeiy  slowly  on  account 
of  the  accumulation  of  certain  products  of  the  reaction;  in  short,  an 
equilibrium  would  be  attained  which  would  by  no  means  bo  incom- 
patible with  the  existence  of  two  or  more  minerals.  The  disappear- 
ance of  one  would  require  a  very  long  continued  supply  of  fresh 
solution  and  the  removal  of  the  solution  products.  Specially  rapid 
action,  however,  woidd  be  developed  by  the  alternate  drying  and 
wetting  of  particles  of  different  ores  in  contact.  Traces  of  ferric  salts 
that  would  form  on  iron  minerals  when  dry  would  exert  high  poten- 
tials when  moistened.  This  seems  to  be  tiie  condition  under  which 
Gottschalk  and  Buehler  obtained  the  most  notable  effect  of  accelera- 
tion in  the  oxidation  of  one  sulphide  by  another  in  the  laboratory. 

It  is  hardly  necessary  to  point  out  that  the  order  of  solution  of 
metals  under  electric  action  would  be  the  opposite  of  the  order  of 
their  precipitation — that  is,  when  in  contact  the  base  metals  would 
oxidize  and  dissolve  first,  then  copper  before  silver,  and  finally  silver 
before  gold.  Speaking  broadly,  the  base  metals  would  also  protect 
most  sulphides  from  oxidation  if  in  contact  with  them  in  the  presence 
of  water,  and  the  sulphides  would  protect  silver  and  gold.  Native 
silyer  and  gold,  as  we  now  find  them,  may  therefore  have  been  held 
in  thdr  present  position  for  a  long  time  partiy  by  the  presence  of 
sulphides  which  have  now  just  about  disappeared. 

To  summarize  the  electric  activity  of  ores  very  briefly:  Contact 
with  solutions  as  well  as  certain  other  conditions  impart  electric 
potentials  to  conducting  minerals.  When  local  or  electrolytic  action 
is  posable  the  chemical  and  electric  differences  will  proceed  toward 
equalization  by  processes  of  diffusion,  decomposition,  solution,  oxi- 
dation, and  reduction  until  the  system  reaches  electrochemical  equi- 
librium. Measurements  of  potentials  are  helpful  in  indicating  the 
direction  of  possible  changes  and  in  giving  a  quantitative  statement 
of  the  intensity  by  which  the  differences  tend  to  become  equalized. 

AH  the  eocperimcntal  results  on  electric  potentials  that  are  here 
reported  or  that  may  hereafter  be  presented  must  necessarily  bo  in 
harmony  with  natural  occurrences,  for  electric  potentials  are  a  quan- 
titative expression  of  the  intensity  factor  of  the  "available"  energy 
in  chemical  systems,  and  every  change  that  takes  place  spontaneously 
in  a  system  in  nature  can  do  so  only  with  a  diminution  of  the  "  avail- 
able'' energy.  Where  electric  conductors  are  present,  electric  ac- 
tivity therefore  goes  on  simiiltancously  with  chemical  activity  and  is 
a  means  by  which  chemical  differences  can  frequently  be  adjusted 
more  rapidly  than  otherwise. 
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SUMMARY. 

A  large  number  of  metalliferous  miiier&U  aro  capable  of  conducting 
eloctricity  and  coulii  therefore  function  as  electrodes  and  as  conduc- 
tors for  electric  cuiTenta  in  ore  deposits.  In  this  paper  only  boro 
mentiou  has  been  made  of  the  possible  existence  of  induced  earth 
currents  and  thermoelectric  currents,  inasmuch  as  the  field  results 
of  Barus  on  this  point  were  almost  wholly  negative.  It  has  been 
shown,  however,  that  the  energy  which  ordinarily  manifests  itself 
in  chemical  reactions  may  be,  and  in  fact  will  be,  manifested  to  some 
extent  in  electric  action  whenever  the  proper  circuits  are  present. 
Conditions  for  electric  action  in  ore  deposits  are  by  no  means  unusual. 
One  of  the  simplest  possible  combinations  by  which  electric  action 
could  occur  would  consist  in  the  presence  of  two  different  active 
solutions  in  contact  with  a  single  body  of  ore,  the  two  active  solutions 
being  united  by  any  "indifferent"  electrolyte.  The  combination 
suggested  would  have  many  ramifying  variations,  depending  on  the 
amounts  of  solution  available,  the  position  of  the  ores,  and  other  like 
factors.  'Pile  effects  of  electric  action  are  naturally  somewhat  differ- 
ent from  those  which  would  result  from  direct  admixture  of  solutions 
and  entirely  different  mineral  associations  might  be  produced  through 
such  action. 

The  chemical  difference  producing  the  largest  electric  effects  appears 
to  be  that  existing  between  oxidizing  and  reducing  solutions.  All 
solutions  may  bo  arranged  ui  an  electromotive  series  grading,  speak- 
ing broadly,  from  the  strongest  oxidizing  solutions,  which  will  charge 
an  unattackable  electrode  most  positively,  to  the  strongest  reducing 
solutions,  which  will  charge  it  most  negatively.  It  has  been  foiind 
that  pyrite,  and,  to  a  less  extent,  several  other  minerals,  ore  so  inert 
to  many  solutions  as  to  function  electrically  like  "unattackable" 
electrodes  for  long  periods,  thus  making  oxidizing  or  reducing  solu- 
tions available  for  producing  electric  currents  in  ore  deposits.  The 
solution  products  of  minerals  themselves  may  take  part  in  producing 
currents  in  the  absence  of  more  active  substances;  accordingly, 
different  minerals  show  different  electromotive  forces  in  "water." 

The  currents  generated  in  any  of  these  ways  may  cause  effecta  at 
more  or  less  remote  points.  Electric  action  on  a  large  scale  would 
tend  to  maintain  a  common  level  of  oxidization  along  veins  and  large 
bodies  of  ore;  where  it  is  effective,  the  zones  of  oxidation  and  reduc- 
tion would  depend  on  the  structure  of  the  ore  rather  than  on  depth. 
Electric  action  on  a  small  scale  would  polarize  ores  feebly,  favoring 
the  disappearance  of  unstable  ores  and  protecting  stable  ores  up  to  the 
point  of  equilibrium.  The  cathodic  and  anodic  phenomena  attending 
the  passage  of  a  current  from  a  solution  to  a  mineral,  or  vice  versa, 
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haye  been  studied  in  some  detail.  It  has  been  found  that  mineral 
electrodes  possess  various  degrees  of  polarizability.  The  polarization 
of  minerals  would  doubtless  to  some  extent  influence  metathetical 
reactions  in  ore  deposits.  Feeble  currents  might  also  give  a  direc- 
taonal  trend  to  metallic  ions  that  would  carry  them  toward  the  stable 
minerals.  Under  many  conditions  the  valuable  metals  would  be 
deposited  from  solutions  by  electrolytic  action  and  they  would 
thereafter  be  protected  from  redissolving  by  contact  with  any  of  the 
more  oxidizable  ores. 
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PREFACR 


Bj  F.  L.  Ransoms. 


Ever  since  Powell's  daring  boat  trip  down  the  Colorado  in  1869 
geologists  have  known  that  the  walls  of  the  Grand  CSanyon  display 
one  of  the  most  remarkable  and  instructive  geologic  sections  in  the 
world.  At  first  glance  the  impressive  feature  of  that  section  is  the 
great  thickness  of  nearly  horizontal  strata  through  which  the  river 
has  sunk  its  bed — strata  ranging  in  age  from  Carboniferous  (Pennsyl- 
vanian)  at  the  top,  on  the  brink  of  the  chasm,  to  Cambrian  at  the 
base.  Powell  found,  however,  that  unconformably  below  the  Cam- 
brian in  certain  portions  of  the  canyon  there  are  extensive  remnants 
of  an  older  and  much  thicker  series  of  sediments  in  beds  which  had 
been  upturned  into  mountains  and  truncated  by  prolonged  erosion 
before  the  sands  of  the  Cambrian  sea  covered  them.  These  beds  he 
called  the  Grand  Canyon  group  and  described  as  resting  with  pro- 
found unconformity  on  the  vastly  more  ancient  crystalline  rocks  into 
which  the  river  has  also  cut  deeply  in  the  so-called  Granite  Crorge. 

In  1882  appeared  Dutton's  well-known  ''Tertiary  history  of  the 
Grand  Canyon  district,"  which  dealt  mainly  with  the  erosional 
development  of  the  canyon  aoid  barely  touched  upon  the  earlier 
chapters  of  the  geologic  history  recorded  in  its  walls. 

Between  1883  and  1895  Dr.  Charles  D.  Walcott,  in  a  number  of 
papers,  described  in  greater  detail  the  Grand  Canyon  group  of  Powell, 
dividing  it  into  an  upper  or  Chuar  terrane,  5,120  feet  thick,  and  a 
lower  or  Unkar  terrane,  6,830  feet  thick.  He  assigned  both  to  the 
Algonkian  system,  showed  that  the  conformably  overlying  sand- 
stone is  Cambrian,  not  Carboniferous,  as  had  been  supposed  by 
Powell  and  by  Dutton,  and  applied  the  name  Vishnu  terrane  to  the 
fundamental  crystalline  rocks.  These  he  described  as  micaceous 
schists  and  quartzites  cut  by  granite. 

During  the  next  10  or  12  years  not  much  advance  was  made  in  our 
knowledge  of  the  character  and  stratigraphy  of  the  older  rocks  in 
the  Grand  Canyon,  although  the  period  was  by  no  means  barren  of 
geologic  Uterature  on  other  problems  connected  with  the  growth  of 
that  vast  abyss.  Yet  there  were  awaiting  solution  a  number  of 
problems  fully  as  interesting  to  students  of  stratigraphy  and  pre- 
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Cambrian  geology  as  are  the  processes  and  results  of  earth  sculpture 
to  investigators  who  are  chiefly  concerned  with  the  origin  of  those 
forms  whose  collective  aspect  constitutes  what  we  term  scenery. 
For  example:  Much  remained  to  be  learned  about  the  lithologic 
character  and  divisions  of  the  great  masses  of  strata  which  WalcOtt 
had  named  the  Unkar  and  Chuar  terranes.  Doubt  existed  and  still 
exists  as  to  the  true  character  of  the  fundamental  crystalline  complex, 
some  observers  failing  to  find  in  it  material  recognizable  as  metla- 
morphosed  sediments  and  seeing  at  the  localities  visited  by  them  only 
such  intrusive  and  highly  metamorphosed  rocks  as  are  suggestive  of 
igneous  origin  and  Archean  age.  Within  the  Paleozoic  series  the 
part  of  the  stratigraphic  column  most  obviously  in  need  of  study  is 
that  between  the  Cambrian  and  the  Carboniferous,  where  the  Devo- 
nian appears  to  be  represented  at  some  localities  and  absent  at  others. 

Detailed  geologic  work  demands  an  accurate  topographic  base 
map,  and  no  good  map  of  the  Grand  Canyon  existed  until  the  publi- 
cation, between  1906  and  1908,  of  the  Vishnu,  Bright  Angel,  and 
Shinumo  topographic  sheets,  on  the  scale  of  1:48,000,  very  nearly  If 
inches  to  the  mile.  The  topography  of  these  maps,  by  Francois  E. 
Matthes  and  Richard  T.  Evans,  fully  meets  the  requirements  of  the 
geologists,  and  one  sheet,  the  Shinumo,  was  immediately  utilized  by 
the  author  of  the  present  bulletin  in  a  study  devoted  particularly  to 
the  lithology  and  stratigraphy  of  the  Unkar  group.  Begun  as  a 
university  thesis,  the  work  was  completed  under  arrangement  with 
the  G(»ological  Survey. 

In  his  careful  measurement,  description,  and  subdivision  of  the 
Unkar  group  Dr.  Noble  has  not  only  thrown  light  on  the  pre-Cambrian 
history  of  the  Colorado  Plateau  region,  but  has  supplied  geologists 
who  arc  working  in  the  southwestern  part  of  the  country  with  a  stand- 
ard of  comparison  for  Algonkian  strata  exposed  elsewhere  in  that 
region.  In  addition  to  pursuing  what  may  be  considered  the  main 
purpose  of  the  investigation,  Dr.  Noble  has  added  much  to  our 
knowledge  of  the  general  geology  and  erosional  history  of  the  Shinumo 
quadrangle — that  is,  of  the  western  part  of  the  Kaibab  division  of  the 
Grand  Canyon — and  the  map  which  accompanies  this  bulletin  repre- 
sents the  first  geologic  mapping  done  in  the  canyon  that  attains  the 
standard  of  accuracy  and  detail  set  for  the  Geologic  Atlas  of  the 
United  States.  By  describing  examples  additional  to  those  pre- 
viously known  lie  has  shown  the  prevalence  and  structural  importance 
of  prc-Cambrian  faults  and  the  recurrence  of  movement  in  post- 
Paleozoic  time  along  these  ancient  fractures.  He  has  also  called 
attention  to  the  influence  of  minor  joints  and  of  fractures  not  asso- 
ciated with  noticeable  displacement  in  guiding  the  forces  of  erosion 
and  in  determining  topographic  form. 
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Although  the  buUetm  contains  considerable  Uthologic  and  strati- 
graphic  material  that  wiU  scarcely  interest  those  who  are  not  geolo- 
gistey  Dr.  Noble  has  very  properly  remembered  that  the  people  as  a 
whole  have  unusual  claims  to  consideration  in  any  publication  dealing 
with  the  Grand  Canyon,  and  has  skillfully  suppUed  as  a  setting  to  his 
more  strictly  scientific  work  much  vivid  description  and  lucid  expla- 
nation which  wiU  help  all  those  who  take  more  than  a  transient  and 
superficial  interest  in  what  they  see  to  understand  one  of  the  most 
impressive  and  significant  of  the  inanimate  works  of  nature. 


THE  SHINUMO  QUADRANGLE,  GRAND  CANTON 

DISTRICT,  ARIZONA. 


By  L.  F.  Noble. 


INTRODUCTION. 
LOCATION  AND  GEOGRAPHY. 

The  Shinumo  quadrangle,  in  Coconino  County,  northern  Arizona, 
is  the  westernmost  of  three  quadrangles  covered  by  the  United  States 
Oeolc^cal  Survey's  maps  of  a  part  of  the  Grand  Canyon  of  the  Colo- 
rado— the  Vishnu,  Bright  Angel,  and  Shinumo  sheets — ^which  show 
the  Eaibab  division  of  the  Grand  Canyon.  The  quadrangle  is 
bounded  on  the  north  and  south  by  parallels  36^  20'  and  36^  5^ 
Its  eastern  and  western  boundaries  are  irregular  and  it  lies  for  the 
most  part  between  meridians  112^  15'  and  112^  30',  but  extends 
northward  somewhat'  beyond  these  limits.  Its  total  area  is  about 
270  square  miles. 

The  only  permanent  habitation  in  the  quadrangle  is  Bass  Camp, 
which  is  at  the  rim  of  the  Grand  Canyon  on  the  Coconino  Plateau, 
about  a  mile  west  of  Havasupai  Point.  The  camp  was  established  by 
Mr.  W.  W.  Bass  some  25  years  ago  to  acconmiodate  tourists.  From 
Bass  Camp  a  trail  that  has  been  constructed  across  the  Grand  Can- 
yon descends  its  southern  wall  through  Bass  Canyon  to  Colorado 
River  and  ascends  its  northern  wall  through  Shinumo  and  Muav 
canyons.  The  river  is  crossed  by  means  of  a  car  that  travels  on  wire 
cables  suspended  50  feet  above  the  surface  of  the  stream,  so  that  men 
and  animals  may  be  transported  at  all  seasons  of  the  year  regardless 
of  high  water  (PL  XIII,  -4,  p.  54).  The  length  of  the  trail  from  the 
southern  rim  of  the  canyon  to  the  river  is  6|  miles;  from  the  river  to 
the  simmiit  of  the  northern  wall  it  is  10  miles.  Mr.  Bass  has  recently 
discovered  in  the  depths  of  the  canyon  deposits  of  copper  and  asbes- 
tos, to  which  he  has  constructed  additional  trails.  The  trails  afford 
access  with  pack  animals  (PL  II)  to  all  points  of  geologic  interest  in 
the  interior  of  the  canyon  and  to  points  on  Powell  and  Eaibab 
plateaus,  as  well  as  to  settlements  in  southern  Utah.  A  permanent 
camp  (PL  VIII,  A,  p.  28)  has  been  established  in  the  depths  of  the 
canyon  about  a  mile  up  Shinumo  Creek  from  the  CoUyt^^^^  -'^^ssse^fe 
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from  Bass  Camp  to  the  rim  of  Cataract  Canyon,  about  20  miles 
away,  whence  a  trail  descends  to  the  Havasupai  Indian  village  in 
Cataract  Canyon.  Roads  also  lead  to  the  towns  of  Williams  and 
^tfih  Fork,  about  60  miles  respectively  south  and  southwest  of  Baas 
Camp.  The  north  rim  of  the  Grand  Canyon  is  reached  by  a  wagon 
road  across  the  £aibab  Plateau  from  the  town  of  Kanab,  in  soudiun 
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FIELD  WOBX. 

The  groator  part  of  the  geologic  field  work  on  which  this  report  is 
based  was  done  between  August  23  and  December  12, 1908,  in  prepa- 
ration for  a  thesis  which  was  presented  to  the  faculty  of  Yale  Uni- 
versity in  1909  in  partial  fulfillment  of  the  requirements  for  the 
degree  of  doctor  of  philosophy.  A  part  of  the  thesis,  dealing  with 
the  Archean  and  Algonkian  rocks  of  the  Shinumo  quadrangle  has 
already  been  published.*  * 

In  February,  1910,  the  writer  returned  to  the  Grand  Canyon  to 
complete,  on  an  enlarged  base  and  in  greater  detail,  the  geologic  map 
made  to  accompany  the  thesis.  This  work,  begun  February  24  and 
ended  March  16,  1910,  was  done  under  the  direction  of  the  United 
States  Greological  Survey.  The  area  covered  by  this  map  (PL  I,  in 
pocket)  is  somewhat  over  200  square  miles,  or  about  three-fourths  of 
the  Shinumo  quadrangle,  and  includes  all  exposures  of  Algonkian 
rocks  in  the  quadrangle  and  all  features  of  exceptional  geologic 
interest. 

UTEBATUBE. 

Maj.  Dutton,  in  his  monograph  entitled  "Tertiary  history  of  the 
Grand  Canyon  district,''*  describes  most  fully  and  charmingly  the 
geology  of  the  north  rim  in  this  section  of  the  Grand  Canyon.  Chap- 
ter VII  describes  the  surface  features  and  scenery  of  the  Kaibab 
Plateau  in  the  vicinity  of  Point  Sublime.  Chapter  VIII  is  devoted 
to  the  panorama  disclosed  from  Point  Sublime,  and  Chapter  IX 
describes  in  detail  the  walk  of  the  amphitheaters  of  the  north  side. 
The  Muav  Saddle  and  Powell  Plateau  are  described  on  pages  162-167 
and  the  Shinumo  Amphitheater  on  pages  167-174.  Button's  work, 
however,  did  not  extend  into  the  depths  of  the  canyon. 

J.  S.  Diller,  of  the  United  States  Geological  Survey,  in  reports 
on  the  production  of  asbestos,  describes  deposits  of  asbestos  occurring 
in  the  Algonkian  rocks  of  this  area  near  Bass  Ferry.  Diller's  first 
report'  contains  the  earliest  mention  of  Algonkian  strata  in  this 
part  of  the  Grand  Canyon. 
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PHYSIOGRAPHY  OP  THE  GBANB  CANYON  DISTRICT. 

The  great  physiographic  province  of  which  the  Shinumo  quadrangle 
is  a  part  is  known  as  the  Colorado  Plateau.  It  is  a  region  of  nearly 
horizontal  strata,  and  most  of  its  surface  lies  a  mile  or  more  above 
sea  level.  The  strata  are  beds  of  sandstone,  shale,  and  limestone, 
which  show  by  their  character  and  the  marine  fossils  they  contain 
that  they  accumulated  as  sediments  beneath  the  sea.  It  is  therefore 
clear  that  after  the  beds  were  deposited  and  consolidated  into  rock 
they  were  lifted  high  above  sea  level  to  form  the  present  plateau, 
and  that  the  uplift  was  equal  and  general  over  the  whole  region, 
for  the  beds  retain  very  nearly  the  horizontal  attitude  that  they 
originally  had  on  the  sea  bottom.  As  the  strata  are  prevailingly 
horizontal,  the  region  is  preeminently  a  land  of  mesa  scenery — of 
broad,  level  or  slightly  tilted  platforms  which  stretch  evenly  away 
for  miles,  rising  to  yoimger  or  dropping  to  older  formations  of  rock 
by  lines  of  cliflf;  a  land  of  encanyoned  valleys  whose  walls  descend 
by  steps  and  ledges;  of  long,  even  sky  line,  the  sweep  of  which  is 
broken  here  and  there  by  one  or  more  isolated  moimtain  masses  of 
volcanic  rock  or  by  fantastic  buttes  and  mesas  that  suggest  ruined 
masonry.  The  higher  portions  of  the  region  aie  oompantively 
moist  and  are  heavily  wooded  with  forette  of 
middle  altitudes  are  semiarid  and 
growth  of  juniper  and  pinyon;  the 
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hioes  of  vhioh  either  take  the  color  of  the  underlying  rock  or  are 
ffKj  with  the  desert  brush.    The  scenery  is,  above  all,  orderly  and 
-^ynunetrioalf  for   through  every  laud   form   except   the   folcani 
nm  continuous  parallel  layers  of  level  strata,  and  each  cliff  eh< 
in  all  its  puts  SJUiilar  vertical  profiles. 

In  fcnr  other  regions  are  the  topography  and  scenery  so  doc 
related  to  the  character  and  structure  of  the   imderlying  roc 
Ereiy  platfonn  is  the  summit  of  a  resistant  stratum;  each  cllif  il 
its  edge.     TUm  gentler  slopes  are  on  tlie  edges  of  weaker  strata. 

KoiriierB  else  are  geolopc  relations  revealed  ou  so  vast  a  sci 
and  yet  so  clearly,  for  any  departure  from  the  horizontal  structi 
appeaiB  irith  Btartling  distinctness.  A  great  fault  traversing  the' 
plateau  may  he  expressed  by  a  line  of  cliiTs  many  miles  in  lei^^; 
the  sSghtest  break  in  the  beds  in  the  walls  of  a  canyon  at  once 
catches  the  vye;  and  the  sweep  of  a  great  fold  or  monocline  may 
dominate  an  entire  landscape.  The  walla  of  the  deep  canyous  cut 
by  the  larger  streams  disjjlay  great  natural  geologic  vertical  and 
oroHS  sections;  the  mountains  are  masses  of  volcanic  rock  which 
either  have  been  poured  out  upon  the  surface  of  the  plat«au  or 
have  cut  into  and  domed  the  strata.  Tlie  arid  climate  tends  to 
keep  rock  surfaces  bare  of  soil  and  cliff  profiles  sharp  and  fn 
and  the  dear  air  extends  the  range  of  vision  over  vast  diatam 
^tlie  pTBTuIing  aridity  of  the  rogiou  and  the  impassabihty  of 
st«ep-wBlIed  canyons  that  traverse  it  have  kept  large  areas  mitminhBj 
by  civilization  to  the  present  day.  In  the  past  ita  lonely  canyons 
were  the  home  of  the  cliff  dwdlers.  To-day  it  is  the  refuge  of  tribes 
of  Indians  who  stiU  retun  their  primitive  customs.  Ilie  natural 
conditions  thus  described  make  the  Colorado  Plateau  the  nuMt 
fascinating  r^on  in  the  world  for  geologic  study. 

The  southwestern  part  of  the  Plateau  province,  marked  off  by 
certain  structural  and  topographic  features,  is  the  Grand  Canyon 
district.  This  district  has  loi^  been  known  throu^  the  writing 
of  Newberry,  Ives,  Gilbert,  Powell,  and  Dutton;  and  t^  woik  of 
these  geologic  explorers,  combined  with  the  later  studies  of  Waloott, 
Davis,  Bobinson,  Huntington,  and  Johnson,  has  given  lise  to  a 
voluminous  literature  and  has  made  it  a  classic  region  for  geolo^BtB. 

The  Grand  Canyon  district  lies  in  northwestern  Arizona  and  co- 
incides with  a  local  uplift,  or  structural  swell,  in  the  Colorado  Plateau. 
Its  area  is  about  16,000  square  miles  and  over  practically  all  of  thifl 
nearly  level  expanse  one  geologic  formation,  the  Kaibab  limestone, 
is  the  surface  rock.  This  great  platform  is  abrupUy  elevat«d  above 
the  Basin  region  that  lies  west  of  it  by  a  sharp  break  (or  fault)  in  the* 
earth's  crust,  on  the  east  side  of  which  the  strata  stand  at  an  eleva- 
tion several  thousand  feet  higher  than  the  same  strata  on  the  west 
aide.    Along  the  eastern  border  of  the  district  a  sharp  downward 
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bend,  known  as  a  monocline,  carries  the  beds  to  a  lower  level,  where 
they  resume  their  nearly  horizontal  attitude  and  continue  eastward 
beneath  the  higher  strata  of  the  Colorado  Plateau.  The  uptiuned 
edges  of  these  higher  strata  face  the  district  as  Echo  diffs.  On  the 
north  the  district  is  walled  in  by  another  line  of  cliffs  and  terraces, 
running  east  and  west  along  the  southern  border  of  Utah.  These 
have  been  carved  by  erosion  out  of  the  higher  strata  of  the  Colorado 
Plateau  and  rise  in  huge  steps  northward  to  elevations  of  11,000  feet 
or  more.  The  southern  border  of  the  district  is  marked  by  an  abrupt 
descent  to  lower  country  along  a  series  of  cliffs  carved  from  the 
plateau  strata. 

The  northern  portion  of  the  Grand  Canyon  district  is  divided  into 
five  minor  platforms  or  plateau  blocks  by  great  lines  of  fracture  or 
flexure,  which  trend  north  and  south  and  are  roughly  parallel.  The 
fractures  are  represented  in  the  topography  by  cliffs  and  the  flexures 
by  steep  slopes,  so  that  the  blocked  plateaus  are  sharply  separated 
from  one  another.  The  westernmost  plateau,  the  Shivwits,  is  the 
lowest;  its  surface  lies  about  6,000  feet  above  the  sea.  Next  in  order 
toward  the  east  are  the  Uinkaret,  Kanab,  and  Kaibab  plateaus,  each 
elevated  about  1,000  feet  above  its  western  neighbor  by  a  fault. 
Most  of  the  Kaibab  Plateau  lies  above  an  altitude  of  8,500  feet.  East 
of  the  Kaibab  is  the  fifth  plateau,  the  Marble  platform,  which  has 
been  dropped  2,500  feet  below  the  Kaibab  by  an  eastward-dipping 
flexure. 

Colorado  River  crosses  the  plateau  province  from  northeast  to 
southwest.  It  has  carved  a  series  of  canyons  whose  total  length 
exceeds  500  miles.  All  these  canyons  are  clear-cut  deep  gaslies  in 
nearly  level  platforms,  and  their  steplike  walls  descend  abruptly  by 
alternations  of  bold  cliffs  and  narrow  ledges.  The  river  at  the  bot- 
tom (PI.  Ill)  carries  the  drainage  from  the  whole  western  front  of 
the  Rocky  Mountains  in  Colorado  and  southwestern  Wyoming.  It 
is  swift  and  turbulent  and  in  many  places  flows  between  sheer  walk. 
Because  of  the  general  impassability  and  the  inhospitable  character 
of  the  bordering  deserts,  these  canyons  form  a  barrier  to  human 
travel  more  effective  than  the  Rocky  Mountains.  The  Colorado  is 
unbridged  for  700  miles,  a  distance  about  equal  to  that  directly 
between  New  York  and  Chicago. 

In  the  high  blocked  plateaus  of  the  Grand  Canyon  district  the  can- 
yons reach  their  culmination  in  size  and  grandeur.  The  pathway  of 
the  river  across  these  plateaus  is  the  most  remarkable  valley  in  the 
world.  The  section  that  traverses  the  Marble  platform  is  known  as 
the  Marble  Canyon;  it  is  60  miles  in  length.  The  part  cut  through 
the  Kaibab,  Kanab,  Uinkaret,  and  Shivwits  plateaus  is  the  Grand 
Canyon.  The  Grand  Canyon  is  about  220  miles  long  and  averages 
a  mile  in  depth  and  about  10  miles  in  width,  from  rim  to  rim.     The 
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Kaibab  division  is  50  miles  in  length,  the  Kanab  50  miles,  the 
Uinkaret  25  miles,  and  the  Shivwits  75  miles. 

The  lines  of  displacement  that  boimd  the  plateau  blocks  die  out 
in  the  area  south  of  the  Grand  Canyon  in  the  part  of  the  Qrand 
Canyon  district  that  is  known  as  the  San  Francisco  Plateau.  The 
high  part  of  the  San  Francisco  Plateau  lying  just  south  of  the  Qrand 
Canyon  is  called  the  Coconino  Plateau. 

The  south  end  of  the  Kaibab  Plateau  stands  2,000  feet  above  the 
Kanab  Plateau,  wliich  lies  southwest  of  it,  and  the  San  Francisco 
Plateau,  which  lies  south  of  it,  but  it  has  attained  this  higher  ele- 
vation by  a  gentle  tilting  of  the  earth's  crust  instead  of  by  a  fault 
or  monocUne.  The  strata  aroimd  the  south  end  of  Kaibab  Plateau 
descend  very  gently  toward  the  south  and  southwest  until  they 
reach  the  level  of  the  Kanab  and  San  Francisco  plateaus. 

The  Kaibab  division  of  the  Grand  Canyon  is  cut  through  the 
highest  land  and  is  the  deepest  part  of  the  canyon.  Here  the  walls 
are  intricately  carved  by  erosion,  and  here  the  visitor  finds  that 
wealth  of  fantastic  architectural  detail  for  which  the  canyon  is  noted. 
This  division  is  a  relatively  wide  valley,  which  presents  to  the  ob- 
server not  a  deep  and  gloomy  gorge,  but  a  vast,  bright,  open  expanse. 
In  the  depths  of  the  canyon  near  the  base  of  the  series  of  horizontal 
Paleozoic  rocks  there  is  a  wide  shelf,  known  as  the  Tonto  platform, 
or  ''lower  plateau"  (PL  V).  A  trail  known  as  the  Tonto  trail  runs 
along  the  Tonto  platform  throughout  the  Kaibab  division.  The 
river  has  cut  tlirough  this  platform  below  the  base  of  the  Paleozoic 
rocks  into  the  Archcan  rocks,  on  wliich  it  flows  in  a  V-shaped  gorge 
whoso  walls  descend  by  a  steep,  unbroken  slope  that  contrasts  strik- 
ingly with  the  stepliko  profile  of  the  walls  in  the  Paleozoic  rocks 
above.  This  gorge  in  the  bottom  of  the  canyon  is  known  as  the 
Granite  Gorge.     (See  Pis.  Ill,  V,  and  VIII,  B,  p.  28.) 

The  Kaibab  division  does  not  lie  in  the  highest  part  of  the  Kaibab 
Plateau;  it  crosses,  rather,  the  higher  part  of  the  inclined  plane  that 
bounds  the  Kaibab  uplift  on  the  south,  in  a  direction  nearly  at  right 
angles  to  the  di[)  of  the  strata.  Consequently  the  position  of  the 
canyon  with  respect  to  the  bordering  lands  in  this  division  is  a  pecul- 
iar one  for  a  river  valley.  The  Kaibab  Plateau,  which  lies  north  of 
the  canyon,  slopes  gradually  toward  the  rim,  and  the  Coconino 
Plateau,  which  lies  south  of  the  canyon,  slopes  gradually  away  from 
the  rim,  so  that  the  canyon  is  a  huge  trench  dug  along  a  hillside. 

The  three  divisions  of  the  canyon  west  of  the  Kaibab  are  cut 
through  lower  ])lateaus  and  are  not  so  deep  as  the  Kaibab  division. 
The  scenery  is  no  loss  iinj)()sing  but  is  very  different.  In  the  upper 
part  of  the  wall  tlierc  is  a  j)latform,  several  miles  wde,  named  by 
Duttx^n  the  Esplanade  (PI.  VI),  in  which  the  main  canyon  is  cut  in  a 
sharp  gorge  that  has  nearly  vertical  walls.     This  inner  gorge  is  far 
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narrower  in  proportion  to  its  depth  than  any  part  of  the  Kaibab 
division  and  corresponds  more  nearly  to  the  popular  idea  of  a  canyon. 
Its  walls  are  not  greatly  carved  by  erosion,  and  its  scenic  effect  is 
somber  and  grand  rather  than  bright  and  fantastic.  The  Kanab 
division  shows  best  this  somber  type  of  scenery.  In  the  IHnkaret 
division  floods  of  lava  have  been  poured  over  the  waUs  from  a  great 
volcanic  center  on  the  Uinkarot  Plateau  and  have  reached  the  river. 
The  Shivwits  is  the  only  division  west  of  the  Kaibab  in  which  the 
river  has  cut  beneath  the  base  of  the  Paleozoic  rocks. 

The  surface  of  the  southern  or  Coconino  Plateau  slopes  to  the  south- 
west, away  from  the  canyon  rim,  at  the  rate  of  about  100  feet  to  the 
mile.  The  drainage  of  the  plateau  surface  is  carried  in  a  series  of 
shallow,  open-floored  valleys  which  have  gently  sloping  sides,  and 
contain  no  living  streams.  These  valleys  trend  southwestward  from 
the  canyon  rim  as  a  consequence  of  the  general  slope  of  the  plateau 
surface  in  that  direction  and  drain  into  the  broad,  shallow  synclinal 
basin  occupied  by  Cataract  Canyon.  By  the  slow  wearing  back  of 
its  steep  southern  wall  the  Grand  Canyon  has  encroached  on  the 
heads  of  many  of  these  streamways,  so  that  their  truncated  valleys 
appear  along  the  rim  as  shallow  notches.  So  general  is  this  phenom- 
enon that  the  stranger  who  loses  his  way  on  the  Coconino  Plateau 
has  only  to  keep  in  mind  the  fact  that  if  ho  will  follow  any  main  valley 
far  enough  headward  he  will  come  out  upon  the  rim  of  the  Grand 
Canyon. 

The  surface  of  the  northern  or  Kaibab  Plateau  likewise  slopes 
gently  to  the  southwest  and  is  covered  with  a  similar  system  of  south- 
westward-trending  valleys.  The  drainage  system  of  the  Kaibab, 
however,  runs  directly  into  the  Grand  Canyon  instead  of  away  from 
it.    Neither  plateau  bears  a  living  stream. 

Powell  Plateau  (PL  IV,  A)  may  be  regarded  as  a  disjoined  part  of 
the  Kaibab  Plateau.  It  formed  on  beds  that  lie  at  the  same  horizon 
in  the  Kaibab  limestone  as  the  Kaibab  Plateau  but  slopes  more 
steeply  to  the  southwest  than  the  Kaibab  or  the  Coconino,  its  grade 
being  about  200  feet  to  the  mile.  Powell  Plateau  is  really  a  great 
butte,  surrounded  on  three  sides  by  mile-deep  canyons  and  isolated 
from  tho  Kaibab  Plateau  by  erosion  in  the  line  of  the  West  Kaibab 
fault.  A  narrow  isthmus,  notched  800  feet  below  the  surface  of  the 
plateaus  in  the  line  of  the  fault,  connects  Powell  Plateau  with  the 
Kaibab.  This  isthmus  or  gap,  which  is  known  as  the  Muav  Saddle, 
forms  a  sharp  divide  that  separates  Muav  Canyon  from  a  lateral 
gorge  of  Tapeats  Amphitheater  on  the  north.  The  trail  up  the 
northern  wall  of  the  Grand  Canyon  divides  in  Muav  Saddle,  one 
branch  leading  to  the  Powell  Plateau  and  another  to  the  Kaibab 
Plateau. 
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In  man  J  places  along  the  north  wall  of  the  Grand  Canyon  the  deep  1 
side  gorges  of  the  great  amphitheaters  have  encroached  upon  the  val- 
ley sj-steni  of  the  Kaibab  Plateau  in  the  same  way  in  wliich  thti  south  i 
wall  of  the  Grand  Canyon  has  beheaded  the  8treamwa3rs  of  the  \ 
Coconino  Plateau.  Along  the  eastern  edge  of  Powell  Plateau  sevi-ral 
of  these  shallow  valleys  are  truncated  hcadward  by  the  southern  wall  ■ 
of  Muav  Canyon  and  the  samp  plienomenon  may  be  noted  at  other 
jpkoM,  M  along  the  «B8tem  edge  bf  the  Bunbow  JPhtean,  ■;  pmnaa- 
toryoftheEJubabPUteeu.  Theae  beheaded  tiA^jb  at  tliaBaiitbov 
IPIateau  iUiutrate  a  ]dieiioineiion  whidi  ia  dewaibed  1^  Dattep  *  aa 
clutracteriBtic  of  other  parte  of  the  Kaibab  vaU  eaat  of  thaShiniiino 
qnadranj^:  "We  often  find  an  old  rapine  anddenlj  eat  off  on  tts 
brink  of  the  abTsa,  and  the  oontiimation  of  the  BMU  nvine  iqpeia  dw 
•tiiar  side  of  the  amphitheater."  In  Bome  plaoea  ulun  HiBVtp- 
tan  of  a  ravine  ia  imminent,  bat  not  yet  aooompliihed,  the  rmtbrn 
nfflran  akmgfor  a  oonnderaUe  distance  paraDel  to  the  rim  of  Hbm 
Grand  Canyon  and  BO  near  to  it  that  one  may  stand  in^  the  bottoM  ef 
the  ravine  and  hnri  a  stone  orer  the  narrolr  divide  that  aB|MBataB  ib 
bom  the  great  gorge.  Hrampke  an  Dobton  Oanyim,  wt  FemK 
Tlatrin ;  liffmn  TnTlnj.  im  thn  Faibab;  and  thn  Inng  ra-rim  that  Hw 
east  of  Crescent  Kdge  and  nua  for  8  ndlaa  panllal  to«lMriat.4ft 

fljihmnift  Alllphitihftat<tr  ^      .  ::f  ■ 

Hie  Shinumo  quadrangle  is  on  the  aoutliwfiBt  border  of  As  Kaibab 
vpVlt  and  shows  the  transition  from  the  Kaibab  to  the  Kanab  divi- 

aon  of  the  Grand  Canyon,  In  all  the  region  north  of  the  quadrangle 
the  western  boundary  of  the  Kaibab  Plateau  is  the  West  Kaibab 
fault,  which  throws  the  strata  downward  to  t^e  west  and  forms  an 
abrupt  topographic  break.  This  great  displacement  runa  into  the 
Shinumo  quadrangle,  but  it  has  here  become  so  changed  in  character 
that  it  affects  the  strata  only  locally;  in  the  greater  part  of  its  course 
across  the  quadrangle  its  usual  westward  throw  is  reversed,  the  strata 
being  dropped  on  its  east  side.  West  of  the  Kaibab  Plateau  the  drop 
is  accomplished,  not  by  a  fault  but  by  a  warping  of  the  strata. 
Hiroughout  the  quadrangle  the  Paleozoic  strata  dip  southweetward 
away  from  the  highest  part  of  the  Kaibab  uplift,  at  a  rate  varying 
from  100  to  2O0  feet  to  the  mile.  This  dip  is  well  shown  by  Hhe  cor- 
responding soutbwestward  slope  of  the  plateau  surfaces,  all  of  which 
accord  with  the  rock  structure,  A  zone  of  maximum  warping,  about 
5  miles  in  width,  runs  diagonally  across  the  quadrangle  from  north- 
west to  southeast,  carrying  the  strata  downward  to  the  southwest  at 
the  rate  of  200  feet  to  the  mile.  Klsewhere  in  the  quadrangle  the 
dip  is  about  100  feet  to  the  mile.  This  zone  of  maximum  warping  is 
shown  by  the  surface  of  Powell  Plateau,  which  drops  1,000  feet  from 
Dutton  Point  at  it^  eastern  end  to  Ives  Point  at  its  western'  end. 

)X>atton,C.  E.,op.  dL.p.lTO. 
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CSolorado  River  begins  to  flow  across  the  zone  of  maximum  warping 
at  the  mouth  of  Shinumo  Oeek.  This  point  therefore  marks  the  west 
end  of  the  Kaibab  division  of  the  canyon. 

TOFOORAPErr  OF  THE  SHINUMO  QUADRANGLE, 

In  the  Shinumo  quadrangle  the  surfaces  of  the  plateaus  through 
which  the  Grand  Canyon  is  trenched  are  developed  on  the  highest 
Paleozoic  formation  occurring  in  the  canyon  wall — ^the  Kaibab  lime- 
stone— the  Mesozoic  and  Tertiary  formations  having  been  eroded  back 
to  the  terraces  of  southern  Utah. 

Within  the  Shinumo  quadrangle  the  profile  of  tlie  wall  of  the  Grand 
Canyon  changes  from  that  which  is  characteristic  of  the  Kaibab  divi- 
sion to  that  which  is  characteristic  of  the  Kanab.  The  most  acces- 
sible outlook  from  which  to  view  this  scenic  change  is  the  end  of 
Havasupai  Point  (PL  VII,  B),  the  longest  promontory  that  runs  out 
from  the  southern  wall  of  the  Grand  Canyon.  To  the  cast  is  a  vista 
of  40  miles  through  the  characteristic  scenery  of  the  Kaibab  division 
(See  PI.  V.)  The  walls  are  greatly  dissected,  particularly  on  the 
northern  side;  great  amphitheaters,  filled  with  fantastic  buttes  and 
temples  and  trenched  with  innumerable  side  gorges  run  far  back  into 
the  walls.  The  profile  of  the  wall  is  especially  distinctive;  the  edges 
of  the  Paleozoic  strata  descend  abruptly  through  a  scries  of  cliffs, 
steep  slopes,  and  narrow  ledges  to  the  Tonto  platform,  3,000  feet 
below  the  rim  of  the  canyon,  and  within  the  Tonto  platform  is  the 
Granite  Gorge. 

On  turning  westward  the  spectator  beholds  a  striking  change. 
(See  PI.  VI.)  Du-ectly  below  him,  about  1,000  feet  beneath  the 
rim,  a  great  flat-topped  spur  of  red  sandstone  of  the  Siipai  formation 
runs  far  out  into  the  canyon.  Farther  w^est  more  and  more  of  these 
spurs  appear,  each  capped  with  a  similar  platform,  which  everywhere 
lies  upon  the  same  layers  of  red  sandstone.  Gradually  the  platform 
widens  and  becomes  a  broad  expanse  of  rod  rock,  which  is  covered 
with  patches  of  scanty  soil  aiul  dotted  with  scrubby  trees — ^juniper 
and  pift6n.  The  buttes  and  temples  disappear;  the  walls  are  much 
less  dissected  by  side  gorges  and  extend  along  the  canyon's  sides  in 
solenm  palisades.  The  profile  of  tlie  canyon  wall  is  synpler,  consist- 
ing of  a  wide  outer  valloy  whose  floor  is  the  great  red  platform,  or 
Esplanade,  and  a  deep  inner  canyon.  Tlie  wall  of  the  inner  canyon 
is  stupendous,  the  edges  of  the  Tonto,  Redwall,  and  Supai  strata 
appearing  almost  as  a  single  cliff  3,000  feet  in  height.  The  long  red 
spurs  of  the  Esplanade  ])latform  (PI.  VII,  A)  form  a  strange  and 
impressive  feature  of  the  landscape  and  attract  the  attention  as 
strongly  as  do  the  buttes  and  temples  of  the  Kaibab  division.  Many 
of  them  have  been  named:  Drunmiond  Plateau,  Grand  Scenic 
Divide,  Huxley  Terrace,  and  Spencer  Terrace,  on  the  mmUlLadm  of 
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the  river;  Masonic  Temple,  Marcos,  De  Vaca,  Tobar,  Alarcon,  and 
Garces  terraces,  on  the  north  side. 

The  profile  of  the  canyon  wall  in  the  central  part  of  the  Shinumo 
quadrangle  is  a  combination  of  two  types  of  topography,  for  both  the 
Esplanade  and  Tonto  platforms  are  present,  separated  vertically  by 
over  2,000  feet.  This  feature  is  well  seen  in  the  wall  of  Shinumo 
Amphitheater,  directly  opposite  Havasupai  Point. 

The  canyon  wall  is  more  deeply  dissected  in  the  Kaibab  division 
than  in  the  Kanab  division,  the  transition  taking  place  in  the  Shinumo 
quadrangle.  The  dissection  not  only  diminishes  from  east  to  west 
but  also  differs  strikingly  in  amount  in  the  opposite  walls  of  the 
canyon  in  the  two  divisions.  In  the  Kanab  division^  beyond  the 
western  border  of  the  Shinumo  quadrangle,  the  river  flows  in  the  very 
center  of  the  canyon  and  the  northern  wall  is  no  more  dissected  than 
the  southern  wall,  but  in  the  Kaibab  division  the  north  rim  lies 
three  times  as  far  back  from  the  river  as  the  south  rim;  the  great 
amphitheaters  and  their  limiting  promontories,  which  extend  far  into 
the  canyon,  the  buttes  and  temples,  and  the  deep  lateral  gorges  all 
belong  to  the  north  side  of  the  canyon.  The  south  wall  presents  a 
simpler  aspect;  few  of  the  side  gorges  extend  back  into  the  rim  of  the 
canyon,  there  are  few  buttes  and  outUers,  and  the  great  amphi- 
theaters are  wholly  lacking.  When  compared  with  that  of  the  fan- 
tastic topography  of  the  north  side,  the  scenic  effect  of  the  precipitous 
south  wall  is  somber. 

The  variations  in  the  amount  of  dissection  of  the  canyon  wall 
depend  upon  climatic  and  structural  conditions,  whereas  the  change 
from  east  to  west  in  the  profile  of  the  wall  is  explained  by  certain 
variations  in  tlie  thickness  and  character  of  the  Paleozoic  strata. 
Tlie  origin  of  these  topographic  features  will  be  discussed  elsewhere 
in  this  report  after  the  conditions  upon  which  they  depend  have  been 
described. 

The  Colorado  maintains  its  general  northwesterly  course  through 
the  Kaibab  division  into  the  Shinumo  quadrangle  as  far  as  the  mouth 
of  Shinumo  Creek,  where  it  bends  westward  and  flows  across  the 
zone  of  warping  that  marks  the  boundary  of  the  Kaibab  uplift. 
Swinging  in  two  great  loops,  fii-st  to  the  soutli  and  then  to  the  west, 
it  doubles  back  again  and  flows  northeastward  around  Powell  Plateau, 
passing  thence  beyond  the  northern  boundary  of  the  quadrangle. 
Several  miles  beyond  the  northern  boundary  of  the  quadrangle 
Tapeats  Creek  entei^  the  river  from  the  east,  draming  a  great  amplii- 
theater  of  tlie  same  name  which  lies  north  of  Powell  Plateau.  At  the 
mouth  of  Tapeats  Creek  the  river  bonds  to  the  southwest  and  main- 
tains a  southwestward  course  for  40  miles  through  the  Kanab  Plateau, 
nearly  the  entire  length  of  the  Kanab  division. 
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The  general  course  of  the  great  gorge  itself  is  not  affected  by  the 
smaller  bends  of  the  river  and  may  be  considered  simply  as  north- 
westerly through  the  Kaibab  division  and  beyond,  to  the  mouth  of 
Tapeats  Creek,  and  thence  southwesterly  through  the  Kanab  division. 

The  Granite  Gorge,  which  forms  the  interior  of  the  canyon  through 
the  Kaibab  division,  is  not  continuous  in  the  Shinumo  quadrangle 
west  of  the  mouth  of  Garnet  Canyon,  because  of  changes  in  the  course 
of  Colorado  River  with  reference  to  the  rock  structure.  Thus  the 
bend  westward  and  southward  at  the  mouth  of  the  Shinumo  causes 
the  river  to  flow  in  the  direction  of  the  dip  of  the  Paleozoic  strata,  and 
as  the  dip  is  greater  than  the  grade  of  the  stream  the  river  bed  is 
gradually  carried  out  of  the  Archean  rocks  into  the  basal  sandstone 
of  the  Tonto  group,  which  terminates  the  Granite  Gorge  a  short  dis- 
tance below  the  mouth  of  Garnet  Canyon.  Through  Stephen  Aisle 
and  Conquistador  Aisle  the  bed  of  the  river  is  in  the  Paleozoic  strata. 
Beyond  the  end  of  Alarcon  Terrace  the  river  bends  and  again  flows 
northeastward,  taking  a  course  that  soon  carries  the  bed  back  into 
the  Archean  rocks,  so  that  the  Granite  Gorge  reappears  in  this  part 
of  the  canyon,  continuing  until  the  river  finally  turns  southwestward, 
at  the  mouth  of  Tapeats  Creek.  This  section  is  called  the  Lower 
Granite  Gorge.  In  all  the  Kanab  division  west  of  the  mouth  of 
Tapeats  Creek  the  river  flows  in  Paleozoic  strata. 

The  actual  length  of  the  course  of  the  Colorado  across  the  quad- 
rangle, measured  along  the  surface  of  the  stream,  is  31^  miles.  The 
mean  elevation  of  the  surface  of  the  river  where  it  enters  the  quad- 
rangle on  the  oast  is  2,285  feet;  where  it  leaves  the  quadrangle  on  the 
north,  2,035  feet.  The  total  descent  of  the  river  within  the  quadran- 
gle is  therefore  250  feet,  and  the  average  declivity  is  7.9  feet  to  the 
mile.  The  declivity,  however,  is  not  uniform.  East  of  the  mouth 
of  Garnet  Canyon  it  is  10  feet  to  the  mile;  west  of  this  point  it  is  6.2 
feet  to  the  mile.  The  difference  is  explained  by  the  fact  that  above 
Garnet  Canyon  the  river  flows  upon  resistant  Archean  rocks,  whereas 
below  Garnet  Canyon  it  flows  chiefly  upon  less  resistant  sedimentary 
rocks.  At  the  Cable  Crossing  the  width  of  the  river  is  300  feet,  its 
depth  is  50  feet,  and  its  average  rise  at  times  of  high  water  is  40  feet. 

The  only  hving  tributary  of  the  Colorado  in  the  quadrangle  is 
Shinumo  Creek  (PI.  XIV,  A,  p.  55),  the  master  stream  that  drains 
Shinumo  Amphitheater,  of  the  north  wall.  It  is  of  the  same  size 
and  kind  as  Bright  Angel  Creek,  20  miles  to  the  east,  and  its  clear 
water  presents  a  striking  contrast  to  the  muddy  torrent  of  the  Colo- 
rado. The  length  of  Shinimio  Creek  from  its  source  at  Big  Spring, 
on  the  rim  of  the  Kaibab,  to  its  confluence  with  the  Colorado  is  12 
miles,  and  in  this  distance  it  falls  5,400  feet,  its  average  declivity 
being  450  feet  to  the  mile. 
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The  topography  of  Sliiiiumo  Amphitheater,  besides  presenting  an 
equal  development  of  both  the  Esplanade  and  Tonto  platforms,  is 
renaiirkable  in  another  way.  In  the  other  groat  amphithoAtera  of 
the  Kaibab  division  the  mast«r  gorges  trend  south  westward,  the 
tributary  gorges  trend  in  the  same  general  direction,  and  lateral 
gorges  perpendicular  to  the  main  axes  of  the  amphitheaters  are  of 
minor  develojtment.  In  Shinumo  Amphitheater  the  lateral  gorges 
have  l>ecomo  dominant  features,  so  that  the  main  axis  of  the  amphi- 
theater trends  northwestward,  Ij'ing  at  right  angles  to  the  course  of 
tlie  master  stream  and  parallel  to  the  course  of  the  Colorado.  The 
greatest  lateral  gorge  extends  entirely  across  Shinumo  Amphitheater 
from  PointSublimoon  the  southeast  to  the  Muav  Saddle  on  the  north- 
west. Only  a  mile  of  this  biteral  gorge  is  occupied  by  the  master 
stream  of  Shinumo  Amphitheater;  the  remainder  is  occupied  by  two 
small  intermittent  streams.  The  western  part  of  the  gorge,  which 
extends  from  the  Muav  Saddle  to  Shinumo  Creek,  is  drairn^d  by  Muav 
Crock  and  White  Creek  and  is  called  Muav  Canyon;  the  eastern  part, 
extending  from  Shinumo  Creek  to  Point  Sublime,  is  drained  by  Flint 
Creek  and  has  no  local  name.  The  entire  lateral  gorge  will  be  re- 
ferred to  as  the  "Muav-Flint  Canyon."  This  remarkable  rectilinear 
depression  is  situated  upon  the  line  of  the  West  Kaibab  fault.  Two 
smaller  lateral  gorges  cross  the  heart  of  the  amphitheater  parallel 
to  the  Muav-1'lint  Canyon;  these  are  situated  upon  minor  lines  of 
fracture. 

The  course  of  Shinumo  Creek  through  the  canyoDS  of  Shinumo 
Amphitheater  everywhere  hes  in  one  of  two  main  lines  which  are 
perpendicular  to  each  other.  The  course  in  the  northeast-southwest 
line,  which  carries  the  stream  onward  toward  its  junction  with  the 
Colorado,  is  consequent  upon  the  dip  of  the  Paleozoic  rocks;  the 
course  in  the  northwest-southeast  hne,  which  holds  the  stream  in 
the  lateral  gorges,  is  controlled  by  the  West  Kaibab  faults  and  by 
fracture  lines.     (See  pp.  75-80.) 

The  highest  point  in  the  Shinumo  quadrangle  is  the  surface  of  the 
Kaibab  Plateau  in  the  northeast  comer  of  the  quadrangle,  where  the 
elevation  is  8,450  feet;  the  lowest  point  is  the  bed  of  the  Colorado 
River,  at  the  place  where  it  flows  beyond  the  northern  boundary  of 
the  quadrangle,  where  the  elevation  is  about  2,000  feet.  As  the 
surfaces  of  the  plateaus  and  of  the  platforms  within  the  canyon  are 
everywhere  accordant  with  the  rock  structure,  the  altitudes  of  these 
surfaces  diminish  progressively  toward  the  southwest  in  all  parts  of 
the  quadrangle  in  conformity  with  the  dip  of  the  Paleozoic  rocks. 

For  example,  the  elevation  of  the  Kaibab  Plateau  at  the  head  of 
Shinumo  Amphitheater  is  8,000  feet;  but  at  Point  Sublime,  5  miles 
south,  it  is  only  7,500  feet.  Farther  southwest,  on  the  opposite  side 
of  the  Grand  Canyon,  at  Havasupai  Point,  the  Coconino  Plateau 
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stands  at  6,750  feet;  10  miles  farther  southwest  it  stands  at  5,900 
feet.  At  the  head  of  Shinumo  Amphitheater  the  elevation  of  the 
Esplanade,  a  platform  within  the  canyon,  is  6,750  feet;  at  Holy 
Grail  Temple,  in  the  center  of  the  amphitheater,  it  is  6,100  feet; 
farther  southwest,  across  the  river,  at  Darwin  Plateau,  it  is  5,400 
feet,  and  in  Aztec  Amphitheater  it  is  5,000  feet.  The  Tonto  platform 
stands  at  3,750  feet  under  Dox  Castle;  direcUy  opposite,  on  the  south 
side  of  the  river  under  Tyndall  Dome,  its  altitude  is  3,300  feet. 

The  wall  of  the  Grand  Canyon  drops  most  abruptly  at  Dutton 
Point  (PI.  XVIII,  p.  86),  where  it  descends  5,355  feet  from  Powell 
Plateau  to  the  river  in  3  miles;  and  at  Havasupai  Point,  where  it 
descends  4,500  feet  in  a  mile  and  a  half,  presenting  the  most  pre- 
cipitous descent  in  the  Grand  Canyon. 

The  greatest  width  of  the  Grand  Canyon  in  the  quadrangle  is  in 
the  stretch  from  the  head  of  Aztec  Amphitheater  to  the  head  of 
Shinumo  Amphitheater,  a  distance  of  16  miles.  The  narrowest  point 
is  between  Apache  Point  and  Ives  Point,  4f  miles.  Even  at  this 
narrowest  point  the  width  is  over  five  times  the  depth. 

CUMATE. 

The  climatic  differences  within  the  Shinumo  quadrangle  are  re- 
markable. The  range  in  climate  between  the  Kaibab  Plateau  and  the 
bottom  of  the  canyon  is  as  great  as  that  between  the  mountains  of 
Colorado  and  the  Mojave  Desert.  The  winters  on  the  Kaibab 
Plateau  are  extremely  severe;  from  November  to  April  the  snow  lies 
deep  in  the  woods,  in  places  accumulating  to  a  depth  of  10  feet. 
Even  in  midsummer  the  nights  are  chilly  and  the  days  are  delight- 
fully cool.  "Within  the  canyon,  however,  snow  rarely  falls  below  the 
level  of  the  Esplanade,  and  on  the  Tonto  platform  a  fall  of  snow  is 
practically  unknown.  In  the  depths  of  the  canyon  the  winters  are 
mild  and  freezing  temperatures  are  rare.  From  April  to  October, 
whenever  the  days  are  cloudless,  the  entire  interior  of  the  canyon 
concentrates  the  solar  heat  and  becomes  a  veritable  oven.  All  day 
the  bare  rocks  absorb  the  heat  of  the  sun,  becoming  so  hot  as  to  bum 
the  hand;  by  afternoon  the  wind  is  like  a  furnace  blast,  and  the 
rocks  continue  to  radiate  their  heat  long  after  dark.  The  summer 
heat  is  tempered  greatly  on  the  cloudy  days  during  the  period  of 
rains.  The  climate  of  the  southern  or  Coconino  Plateau  at  Bass 
Camp  is  characterized  by  more  open  wintei-s  as  well  as  by  warmer 
summei-s  than  the  Kaibab.  Snow  rarely  accumulates  on  the  surface 
to  a  great  depth  and  as  a  rule  vanishes  entirely  within  three  days 
after  a  storm;  and  in  summer  many  days  are  unpleasantly  hot. 

The  climate  of  the  Kaibab  Plateau  is  decidedly  moist,  the  pre- 
cipitation being  probably  twice  as  great  as  that  received  upon  the 
Coconino  Plateau,  across  the  canyon.  This  difference  is  due  chiefly 
to  the  greater  altitude  of  the  Kaibab  Plateau.    In  winter  the  preclpi- 
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tation  on  the  Kaibab  takes  the  fonn  of  enoir;  in  anmmar  it  eomai  in 
thunderahowem  which  occur  during  the  aftemoon  and  evening. 
Looking  across  the  canyon  from  Bass  Camp  on  the  south  rim  cm 
ahnoet  any  sununer  evening  one  may  see  stonn  after  stonn  sweeping 
OYor  the  surface  of  the  Kaibab  Plateau,  most  of  them  aooompanied 
by  violent  electrical  display,  while  the  sky  overhead  and  to  the  west 
over  the  Kanab  Desert  remains  as  clear  as  crystaL  Another  factor 
that  contributes  to  the  greater  rainfall  of  the  Kaibab  seems  to  be 
the  presence  of  the  Grand  Canyon  itself.  Eve^  general  winter  storm 
that  visits  both  sides  of  the  canyon  alike  is  followed  on  the  south  rim 
by  a  day  of  clearing;  but  the  clouds  that  rise  out  of  the  canyon  after 
the  storm  sweep  back  over  the  north  wall  and  repiecipitate  cm  the 
surface  of  the  Kaibab.  Few  of  these  secondsry  storms  return  over 
thesouthrim.  The  climate  of  the  Coconino  Flateaa  in  the  quadrangle 
is  semiarid;  in  spring  and  early  summer  no  rain  may  fall  for  a 
month.  The  precipitation  is  greatest  in  winter  snd  in  the  months  of 
July,  August,  and  September.  Much  of  the  rain  that  f alb  intfain  the 
canyon  evaporates  beforeit  reaches  its  lower  part,  wliich  is  therefore 
more  arid  than  the  Coconino  Plateau. 

Powell  Plateau  (PL  IV,  A,  p.  18),  whose  higher  eastern  posrtion 
stands  at  the  same  altitude  as  the  Kaibab  rim  and  whose  lower  western 
portion  stands  at  the  altitude  of  the  Coconino,  has  a  climate  that  is 
intermediate  between  those  of  these  two  divisions.  Its  situation  in 
the  canyon,  where  it  f onns  an  island,  serves  to  moderate  the  cold 
in  winter,  for  the  warm  air  which  rises  out  of  the  deep  canyons  that 
surround  it  acts  as  a  radiator;  snow  does  not  accumulate  so  deep  on 
its  eastern  end  as  on  the  Kaibab,  and  on  its  western  end  does  not 
accumulate  at  all.  It  is  a  resort  in  winter  for  game  and  cattle  that 
are  driven  out  of  the  Kaibab  by  snow.  Its  higher  eastern  end 
receives  abundant  rainfall,  whereas  its  lower  western  end  is  semi- 
arid.  Owing  to  its  exposed  position  it  is  at  all  times  of  the  year 
subject  to  violent  gi^les  of  wind. 

The  variation  in  the  amount  of  rainfall  with  difference  in  altitude  is 
the  chief  cause  of  the  variations  in  the  degree  of  dissection  of  the  can- 
yon walls.  The  plateaus  on  both  sides  of  the  canyon  in  the  Kaibab 
division  are  much  higher  than  those  in  the  Kanab  division,  where  the 
rainfall  is  therefore  much  greater  and  the  forces  of  erosion  more  active, 
and  the  walls  are  consequently  far  more  dissected  in  the  Kaibab  than 
in  the  Kanab  division.  The  much  greater  dissection  of  the  northern 
than  of  the  southern  wall  of  the  canyon  in  the  Kaibab  division  may 
be  similarly  explained,  the  higher  altitude  of  the  northern  wall  giving 
it  much  greater  rainfall  than  the  southern  wall. 

In  this  dissection  the  rock  structure  is  also  important.  Since  the 
surface  of  the  Kaibab  Plateau  slopes  toward  the  rim  of  the  canyon,  all 
the  surface  water  within  a  radius  of  many  miles  finds  its  way  into  the 
canyon  over  the  northern  wall.    Even  the  water  that  sinks  imder- 
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ground — ^which  far  exceeds  the  surface  water  in  quantity  because  of 
the  system  of  caves,  sink  holes,  and  underground  drainage  channels 
with  which  the  Kaibab  Umestone  is  honeycombed — eventually  finds 
its  way  southwestward  along  the  dip  of  the  strata  and  reappears  as 
springs  in  the  northern  wall  of  the  Grand  Canyon,  feeding  the  tribu- 
tary streams  of  the  Colorado  and  increasing  the  activity  of  the  forces 
of  erosion  on  that  ai^e  of  the  river. 

The  waters  of  theliemiarid  Coconino  Plateau,  on  the  contrary,  both 
surface  and  underground,  are  carried  directly  away  from  the  Grand 
Canyon  by  the  slope  of  the  surface  and  by  the  southwesterJIy  dip  of 
the  strata;  consequently  the  forces  of  erosion  are  less  active  in  the 
southern  wall  of  the  canyon. 

VEGETATION. 

The  variation  in  the  flora  in  the  Shinumo  quadrangle  is  as  great  as 
that  in  the  climate.  The  surface  of  the  Kaibab  Plateau  is  covered 
with  a  magnificent  open  forest  of  yellow  pine;  the  trees  grow  large 
and  far  apart  and  the  ground  is  free  from  undergrowth,  so  that  the 
plateau  has  the  aspect  of  a  great  park.  Englemann  spruce  grows  on 
the  north  slopes  of  the  washes,  and  cottonwood,  aspen,  and  scrub  oak 
in  their  bottoms.  A  minor  flora  of  flowering  plants  exceedingly  rich 
in  species  covers  the  floor  of  the  forest.  The  flora  of  the  Coconino 
Plateau  in  the  quadrangle  differs  completely  from  that  of  the  Kaibab. 
The  surface  is  covered  with  a  dwarf  forest  of  gnarled  juniper,  pill6n, 
and  "mountain  mahogany"  (Cercocarpus  ledifolivs);  the  little  trees 
grow  wide  apart  and  the  open  stretches  are  covered  with  sagebrush 
and  "Mormon  tea,"  with  occasional  cactus,  "mescal,"  and  other 
plants  of  the  century  family. 

This  difference  between  the  floras  of  the  two  plateaus  is  due  to  differ- 
ences in  precipitation  and  temperature,  which  vary  directly  with  the 
altitude,  and  for  this  reason  the  floras  of  the  plateaus  furnish  an  almost 
imfaiUng  index  of  their  elevation,  a  fact  that  is  strikiagly  shown  on  the 
southwestward-sloping  surface  of  Powell  Plateau.  The  whole  eastern 
half  of  this  plateau  lies  at  an  elevation  of  7,000  to  7,500  feet  and  is  cov- 
ered with  the  open  pine  forest  characteristic  of  the  Kaibab,  but  at  an 
elevation  of  about  7,000  feet  the  flora  changes,  passing  into  the  dwarf 
forest  of  juniper  and  pifi6n  that  characterizes  the  southern  plateau 
across  the  canyon. 

In  the  region  farther  east,  beyond  the  border  of  the  Sliinumo 
quadrangle,  the  Coconino  Plateau  attains  a  much  greater  altitude 
and  the  flora  there  becomes  more  like  that  of  the  Kaibab  Plateau. 

Within  the  canyon  itself  the  variation  in  the  flora  is  just  as  great, 
and  is  again  an  index  of  the  elevation. 

The  flora  of  the  Esplanade  platform,  a  thousand  feet  below  the 
south  rim,  consists  of  stunted  juniper  and  pifi6n  with  Coleogyne 
ramoHssima  flocally  known  as  '*greasewood")  as  the  predominant 
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bush  in  place  of  the  sagebrush  of  the  Coconino  Plateau.  Cacti  and 
plants  of  the  century  family  are  more  abimdant  than  on  the  plateau, 
but  less  abundant  and  smaller  than  in  the  bottom  of  the  canyon,  a  con- 
dition due  to  the  fact  that  the  Esplanade  level  is  within  reach  of  the 
winter  snows  and  frosts.  On  the  north  side  of  the  canyon,  where 
the  elevation  of  the  Esplanade  is  much  greater  than  on  the  south 
side,  mountain  mahogany,  manzanita,  live  oak,  and  other  dwarf 
trees  appear  in  the  flora,  making  a  thick  chaparral  that  cloaks  all 
the  slopes  with  a  dense  mantle  of  green. 

The  flora  of  the  Tonto  platform,  3,000  feet  below  the  south  rim, 
and  of  all  the  iaterior  of  the  canyon  below  the  Red  Wall  is. the  flora 
of  a  hot  and  arid  desert.  The  dominant  plants  are  Cdleogyne  ramo- 
Mssima,  * 'Mormon  tea,"  and  other  small  gray  perennial  shrubs  of 
various  species,  each  plant  standing  apart  by  itself  in  the  formal 
manner  characteristic  of  desert  vegetation.  Cacti,  aloes  or  agaves, 
and  yuccas  here  attain  their  densest  growth  and  greatest  size,  the 
cacti  being  particularly  rich  in  species.  Every  plant  in  the  flora  is 
either  prickly  or  aromatic,  leaf  surfaces  are  reduced  to  a  minimum, 
devices  for  storing  water  attain  the  greatest  perfection,  and  the 
dominant  color  is  a  dull  gray.  The  somber  colors  and  the  reduction 
of  leaf  surfaces  are  likely  to  deceive  the  observer  both  in  regard  to 
the  richness  of  the  flora  in  species  and  the  abundance  of  plant  life, 
which  is  far  greater  than  one  would  suspect.  Small  trees  of  Acacia 
greggi,  or  ''  cat  claw,"  and  here  and  there  a  few  of  Cercis  occidentalis,  or 
"red  bud,"  grow  in  the  beds  of  washes  that  contain  living  or  inter- 
mittent streams. 

The  vegetation  in  the  bottoms  of  the  canyons  of  the  north  side  of 
Shinumo  Amphitheater  that  contain  living  streams  is  beautiful 
beyond  description  and  affords  a  refreshing  contrast  to  the  desert 
flora  of  the  Tonto  platform.  Tall  cottonwoods  grow  in  the  lower 
canyons,  maiden-hair  ferns  hang  on  the  walls  in  shady  places,  thickets 
of  willow  border  the  streams,  and  grass  grows  on  the  banks  where 
there  is  soil.  Higher  up  in  the  canyons,  oaks,  maples,  and  other 
deciduous  trees  grow,  and  in  some  places  there  are  beds  of  tall 
rushes.  The  most  characteristic  bush  of  these  upper  north-side 
canyons  is  the  manzanita,  which  apparently  does  not  grow  on  the 
south  side  of  the  Grand  Canyon  in  the  quadrangle. 

INDIAN  RUINS. 

Evidences  of  former  human  occupation  are  found  everywhere  in 
the  Grand  Canyon  region  and  the  observant  traveler  will  see  them  in 
many  places  in  the  Shinumo  quadrangle,  but  as  few  of  these  ruins 
are  well  preserved  he  must  not  expect  to  see  anything  so  spectacular 
as  the  wonderful  ruins  of  the  Mesa  Verde  in  southwestern  Colorado 
or  the  Canyon  De  Chelly  in  northeastern  Arizona.  Ruins  are  most 
numerous  in  the  canyons  of  Shinumo  Amphitheater  and  consist  of 
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the  fallen  and  crumbled  walls  of  rude  stone  liotises.  Some  of  these 
ruins  are  perched  high  under  overhanging  ledges  which  still  show 
the  blackening  of  smoke;  others  lie  among  huge  blocks  of  debris 
that  have  fallen  from  the  cliffs;  still  others  stand  in  the  open,  away 
from  any  natural  shelter.  The  only  well-preserved  structures  are 
tiny  storehouses,  built  high  up  along  the  crevices  in  the  canyon 
walls.  Numerous  relics  have  been  found  by  digging  in  or  around 
the  ruins,  among  them  mealing  stones,  mortars,  pestles,  corncobs, 
ropes  of  yucca  fiber,  arrowheads,  and  various  stone  implements. 
Fragments  of  pottery  are  littered  about  and  remains  of  irrigation 
ditches  are  still  visible  in  Shinumo  Canyon,  where  gardens  were 
cultivated.  The  walls  of  the  ruins  on  the  plateaus  have  crumbled 
to  almost  shapeless  heaps  of  stone,  and  in  some  of  those  on  Powell 
Plateau  tall  pine  trees  are  growing.  The  only  ruin  that  is  at  all 
well  preserved  is  at  the  head  of  Bass  trail,  on  the  Coconino  Plateau. 
It  is  supposed  that  most  of  these  ruins  are  the  work  of  the  cliff 
dwellers,  the  ancestors  of  the  present  Pueblo  Indians  of  the  Southwest. 
The  trails  into  the  Grand  Canyon  on  both  sides  of  the  river  follow 
old  Indian  trails.  All  the  way  down  Bass  trail  and  all  the  way  up 
the  trails  through  Shintmio  and  Muav  canyons  the  traveler  will  see 
at  intervals  the  blackened  ruins  of  circular  pits  where  the  Indians 
have  roasted  the  "mescal,"  a  species  of  agave  that  grows  everywhere 
in  the  canyon.  These  mescal  pits  are  found  in  every  canyon  on  the 
south  side  of  the  river.  The  Ilavasupai  Indians,  who  dwell  in  Cataract 
Canyon,  25  mUes  southwest  of  Bass  Camp,  still  make  occasional 
use  of  a  trail  that  descends  to  the  Esplanade  at  Apache  Point. 

GEOIjOGY. 

AGE  AND  CHARACTER  OF  THE  ROCKS. 

Four  great  systems  of  rock  are  exposed  in  the  walls  of  the  Grand 
Canyon  in  the  Sliinmno  quadrangle.  (See  PI.  IX.)  These  systems 
represent  three  of  the  earliest  eons  of  geologic  time,  the  Archean  and 
AlgonUan  periods  and  the  Paleozoic  era,  the  last  being  represented 
by  the  Cambrian  and  Carboniferous  systems. 

The  foundation  rocks  of  the  region  are  crystalline  schists,  gneisses, 
and  granitic  rocks  of  Archean  age.  The  schists  and  gneisses  are 
metamorphic  rocks,  whose  original  character  has  been  changed  by 
pressure,  so  that  they  are  gnarled  and  crumpled.  These  metamorphic 
rocks  are  known  as  the  Vishnu  schist.  The  granitic  rocks  are  igneous. 
They  invaded  the  metamorphic  rocks  in  a  molten  state  and  are  mas- 
sive in  aspect.  The  Archean  rocks  form  the  walls  of  the  Granite 
Gorge  (Pis.  Ill,  p.  16,  and  VIII,  B)  in  the  bottom  of  the  canyon.  All 
types  of  these  Archean  rocks  are  about  equally  resistant  to  erosion, 
and  consequently  they  form  a  continuous  ragged  slope,  which  gives 
the  wails  of  the  Granite  Gorge  a  V-shaped  profile.  In  color  they  are 
dark  and  somber.    By  these  features  and  by  tihavt  W3«l  A  ^Nx^aS^v^ 
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tion  tliey   may  bo  readily  ilLitinguished  from  the  Algoii)dan   and 
Paleozoic  rocks. 

The  Archean  rocks  are  st'parntod  by  a  profound  tmconformity  (Pis. 
Vni,  B,  and  X\TII,  p.  86)  fjom  a  series  of  overlying  sedimentary 
rocks,  which  is  inset  in  the  Archean  rocks  by  block  faulting  and  ia  of 
Algonkiao  age.  The  sedimentary  rocks  {Pis.  rV',B,  p.  18,  andXJ,p,39) 
are  as  little  altered  as  the  still  higher  Paleozoic  rocks.  Unlike  the 
Paleozoic  rocks,  however,  they  do  not  lie  in  their  original  horizontal 
portion  but  are  inclined  at  various  angles.  They  comprise  lime- 
stones, shal<^9,  Bandstones,  anil  intrusive  masses  of  diabase,  and  are 
found  only  witliin  tlic  greater  depths  of  the  Grand  Canyon. 

The  Archean  ami  Algonkiun  rocks  are  alike  Boparat^l  by  another 
profound  unconfomiity  (PI,  XVIII)  from  the  Paleozoic  rocks,  consisting 
of  limestone,  shale,  and  sandstone.  Tlio  Paleozoic  rocks  (PI.  XV'ili) 
lie  in  a  nearly  horizontal  position,  practically  as  they  were  laid  down. 
They  form  the  floors  of  all  the  plateaus  and  the  greater  part  of  the 
walls  of  the  Grand  Canyon  and  have  determined  the  whole  character 
and  spirit  of  the  scenery.  The  huge  scale  and  the  infinite  multipli- 
cation of  the  characteristic  architectural  rock  forms  make  the  scenery 
of  the  Grand  Canyon  seem  strange  and  unreal,  yet  it  is  but  the  supreme 
expression  of  all  that  is  most  characteristic  in  the  hmd  sculpture  of  ' 
the  Plateau  province.  The  processes  of  earth  sculpture  arc  going  on 
here,  us  in  other  regions,  under  the  attacks  of  rain,  running  water, 
frost,  and  wind.  The  erosion  ia  spasmodic,  because  of  the  aridity 
of  the  clijaate,  yi'l,  it  is  mni'-  the  less  effective.  Slopes  are  kept  partly 
bare  because  the  desert  plants  grow  far  apart,  so  ihat  the  concentrated 
energy  of  a  single  torrential  shower  wreaks  more  havoc  here  tii&n  a 
season's  rainfall  on  the  densely  covered  slopes  of  a  humid  region. 
But  these  forces  are  worUng  on  rocks  which,  as  we  have  seen,  lie  in 
nearly  level  beds  that  are  continuous  over  great  areas.  Therefore 
liiey  produce  everywhere  forms  that  are  nearly  -identical  in  the  ver- 
tical element,  or  profile,  though  varied  and  irregular  in  plan,  as  might 
be  seen  on  looking  down  on  them  from  a  balloon  or  examining  their 
outlines  on  the  map.  As  the  beds,  from  top  to  bottom,  show  infinite 
variations  in  their  resistance  to  erosion,  evety  part  of  the  canyon 
wall,  every  pinnacle  and  butte,  is  characterized  by  its  own  steplike 
alternation  of  cliff  and  terrace  or  slope,  in  delicate  response  to  Hie 
varying  character  of  the  strata.  In  the  canyon  wall  the  chSs  are 
determined  by  the  edges  of  the  harder  strata.  Upon  tiie  plateaus 
the  soft  rocks  have  been  washed  away  over  miles  of  the  country, 
leaving  platforms  whose  floors  are  a  hard  stratum.  As  erosion  goes 
on,  parts  of  the  plateau  become  separated  by  growing  canyons  or 
ravines  and  stand  as  solitary  outliers,  capped  by  remnants  of  the 
harder  rock;  these  are. the  buttes.  Finally,  all  these  land  forms, 
which  in  a  moister  region  would  soon  be  dulled  or  obscured,  are  kept 
diarp  and  fresh  by  the  prevailing  aridity,  the  effect  of  i^hieh  is  to 
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maintain  clean-cut  cliff  profiles  and  to  retard  the  formation  of  soil 
and  the  growth  of  dense  vegetation  to  mantle  the  slopes. 

The  strata  are  as  easily  distinguished  by  their  colors  as  by  the 
shapes  they  have  taken  under  erosion.  In  the  color  scheme  of  the 
Grand  Canyon  these  Paleozoic  rocks  play  the  dominant  part.  They 
are  of  the  familiar  shades  of  red,  brown,  buff,  and  gray  shown  by 
sedimentary  rocks  throughout  the  Rocky  Moimtain  and  Plateau 
regions  of  the  western  United  States,  and  although  the  colors  are 
neither  so  brilliant  nor  so  varied  as  the  visitor  at  the  Grand  Canyon 
is  conunonly  led  to  expect,  their  general  effect  is  very  striking.  They 
appeal  to  the  eye  and  to  the  imagination  through  the  stupendous 
panorama  extending  over  many  miles;  through  the  extreme  con- 
trast between  the  vast,  bright  expanse  of  bare  rock  of  the  unf orested 
interior  of  the  canyon  and  the  verdant  wooded  plateaus  on  the  rim, 
and  through  the  rigorously  architectural  effect  imparted  by  the  wide 
extent  of  the  horizontal  strata.  Much  of  the  charm  of  the  varied 
tints,  like  that  of  most  western  desert  coloring,  lies  in  their  dullness 
and  oddity.  They  are  mostly  old,  subdued  shades,  which  vary  just 
a  little  from  conventional  hues.  The  most  beautiful  effects,  however, 
are  wrought  not  so  much  by  the  colors  of  the  rocks  as  by  the  purple 
haze  that  late  in  the  afternoon,  particularly  in  midsummer,  often 
hangs  over  the  canyon. 

SERIES  OF  BOCKS  DISCRIMINATED. 

The  lithologic  representatives  of  the  Permian,  Mesozoic,  and  Ter- 
tiary, which,  as  shown  by  Dutton,  once  covered  the  region,  have  been 
removed  by  erosion.  The  following  table  shows  the  systems,  series, 
groups,  and  formations  discriminated  in  the  quadrangle: 

Generalized  section  of  the  rocla  of  the  Skinumo  quadrangle. 
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Group. 


Aubrey. 


Cambrian. 


Great  angular  unconformity.- 


Algonkian. 


Grand  Canyon. 


Greatest  angular  unconformity. 


Aichean. 


Tonto. 


Unkar  (intruded  by  sills  of 
diabase). 


Fonnation. 


Kaibab  limestone. 
Coconino  sandstone. 
Supai  formation. 


Redwall  limestone. 


Muav  limestone. 
Bright  Angel  shale. 
Tapeats  sandstone. 


Dox  sandstone. 
Shinumo  quartzite. 
Hakatai  shale. 
Bass  limestone. 
Hotauta  conglomerate. 


Vishnti  schist  (Intruded 
by  masses  of  Quarts 
diorite  and  by  dikes  of 
pegpiatitA\. 
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The  namps  employed  in  this  report  for  the  Paleozoic  formationa 
have  beon  recently  authorized  by  the  I'mtcd  States  Geological  Sur- 
vey to  supplant  older  descriptivo  and  duplicated  names  and  to  bring 
them  into  conformity  with  present  usage.  The  following  table  gives 
equivalents  of  tlie  older  in  the  newer  nomenclature. 
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PROTKEOZOIC  R0CK8. 

AB.CHEAK  8YSTBU.  ^H 

VISHNU    SCHIST.  ^^H 

VAKB.  ^^1 

The  name  Vishnu  terrane  has    been  piven  by  Walcott'  to  the 
fundamental  crystalline  complex  of  the  Grand  Canyon  region  that 
underiiea  the  unaltered  sedimentary  rocks  of  Algonldan  age  and  ia.^^ 
separated  from  them,  as  well  aa  from  the  overlying  Cambrian,  b}!j^| 
a  profound  unconformity.     The  type  locality  is  on  Colorado  Kiver^^H 
30  miles  east  of  the  mouth  of  Shinumo  Creek,  at  the  base  of  eaw 
of  the  great  buttes  called  "Vishnu's  Temple,"  from  whldi  Walcott 
derived  the  name. 

DUTBiBimov  nr  tbx  obahs  oamtos. 

In  the  Kajbab  division  the  Vishnu  schist  is  exposed  continuously 
for  more  than  40  miles  in  the  walls  of  the  Granite  Gorge  (PI.  VIIl,  B). 
In  the  eastern  part  of  the  Kanab  di^^on  it  is  exposed  in  Lower 
Granite  Gorge  and  is  probably  exposed  in  other  places  in  the  Kanab 
division  between  the  end  of  Lower  Granite  Gorge  and  the  mouth  of 
Kanab  Creek,  for  Powell,*  in  his  account  of  this  portion  of  his  jour- 
ney down  the  river,  mentions  "passing  for  a  short  distance  through 
patches  of  granite,  hke  hillg  thrust  up  into  the  limestone."  The 
Vishnu  is  exposed  through  the  greater  part  of  the  Shivwita  division 
and  around  the  southwestern  border  of  the  Grand  Canyon  district, 
oocimasvcx  akd  DUTBiBonoir  nr  thx  BBnma  quahbaholk. 

Tho  length  of  the  exposure  of  the  Vishnu  schist  in  the  Granite 
Gorge  along  the  course  of  the  river  is  about  17  miles;  in  Lower 
Granite  Gorge  it  is  4  miles.     A  small  but  interesting  exposure  in 

1  Watcatl,  C.  T>.,  Pre.Csmbrliui  Igneous  locks  of  tbe  UnkBT  temns,  Orand  CaDr<"i  <>'  tha  Colondo, 
Arliooa,  wllhnoteaonthepetrographiechararlerofthelavupby  J.  P.  Iddlngs:  U.  B.  Oeol-Sumy  Poui- 
l«eDib  Add.  ttept..  pt.  i,  pp.  497-610,  6Z0-s:m,  ISM. 

■  rov«D,  I.  W.,  Kxploratlcm  of  th«  Colorado  Klnr  of  the  West  and  Its  bibutariH;  exjdand  In  1880, 

llWn,  1871,  Mlrt  ima,  nnrtw  th.rtlMrtlnn  n)  th«  >tor».>^^  ^^  th.  p||lt'>f~"W  T"tm^«i«',  r   «,  lIWi 
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the  depths  of  the  Miiav-Fliiiit  Canyon  lies  on  the  northeast  side  of 
the  West  Kaibab  fault  and  extends  for  3  miles  southeastward  in 
the  canyons  of  White,  Shinumo,  and  Flint  creeks,  and  for  1  mile 
northeastward  up  the  canyon  of  Shinumo  Creek. 

No  detailed  study  of  the  Vishnu  schist  was  made  in  the  Shinumo 
quadrangle  beyond  that  required  to  locate  and  determine  the 
various  types  represented  in  the  area  shown  on  the  geologic  map, 
and  owing  to  the  small  extent  of  these  exposures  it  was  not  possilje 
to  determine  the  general  Archean  structure  from  a  study  of  this 
area  alone.  The  rocks  here  are  a  metamorphlc  complex  of  quartz, 
mica,  and  hornblende  schists  and  are  invaded  by  a  batholithic  mass 
of  quartz  diorite  and  injected  by  veins  of  pegmatite  and  aplite. 
East  of  the  Shinumo  quadrangle  and  west  of  the  mouth  of  Walthen- 
berg  Canyon  in  the  Shinumo  quadrangle  the  prevailing  rocks  are 
gneisses. 

TTPS8  OF  THZ  8CBZ8T. 

Three  main  types  of  rock  are  found  in  the  formation  within  the 
area  studied: 

The  first  type  is  a  quartz  schist  that  grades  into  mica  schist. 
It  comprises  the  greater  part  of  the  Vishnu  schist  that  is  exposed 
in  the  gorge  of  the  Colorado  River  west  of  the  Cable  Crossing  and 
is  also  exposed  in  the  canyon  of  White  Creek  and  in  the  canyon  of 
Flint  Creek  just  above  its  junction  with  Shinumo  Creek. 

The  second  type  is  a  quartz  schist  that  grades  into  quartz-horn- 
blende schist.  It  is  exposed  Chiefly  in  that  part  of  the  Muav-Fllnt 
Canyon  that  is  occupied  by  Shinumo  Creek,  grading  both  eastward 
and  westward  into  the  quartz-mica  schist. 

The  third  type  is  a  hornblende  schist.  It  occurs  in  one  small 
outcrop,  about  200  feet  wide,  on  the  east  side  of  a  dry  wash  that  joins 
the  valley  of  Shinumo  Creek  just  below  the  mouth  of  White  Creek, 
and  is  sharply  bounded  on  both  sides  by  the  quartz-mica  schist. 

The  rocks  are  tj^ically  schistose.  The  planes  of  schistosity  gen- 
erally stand  almost  vertical  and  trend  northeastward,  though  their 
direction  varies  from  place  to  place.  The  schists  are  locally  much 
twisted  and  contorted. 

LZTHOLOGY  OF  THZ  TTPS8. 

The  less  micaceous  phase  of  the  quartz-mica  schist  is  dark  greenish 
gray  and  its  fresh  surfaces  have  a  satiny  luster.  Its  cleavage  is 
imperfect,  its  texture  is  fine  grained,  and  it  contains  no  visible  mineral 
constituent  except  quartz .  The  microscope  shows  that  it  is  composed 
almost  entirely  of  fine  interlocking  grains  of  quartz,  and  some  small 
flakes  of  white  mica,  arranged  in  parallel  lines.  The  extreme  quartz- 
ose  phase  of  the  schist  contains  very  little  mica — ^just  enough  to 
impart  a  satiny  luster  to  the  rock. 
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Freshly  fractured  yurfaces  of  tho  micacooua  phase  of  the  schist  are 

igrajish,  with  either  a  pinkish  or  greenish  tinge,  but  the  Meathered 
rock  13  red.  This  phase  shows  a  rather  distinct  cleavage  and  a 
texture  ranging  from  fine  to  coarse.  The  unaided  eye  can  distinguish 
iwth  quartz  and  mica  in  the  rock,  and  the  microscope  sho^s-s  that  it  is 
J'  composed  of  interlocking  grains  of  quartz  and  an  uJmost  equal  amount 
of  mica,  the  flakes  of  mica  heiog  arranged  in  parallel  Hues.  The  mica 
is  chiefly  muscovite,  but  includes  some  flakes  of  brown  biotite. 
'  Locally  the  schist  is  gometiferous,  and  in  one  place  tourmaline  was 
f  observed,  AH  gradations  between  the  quartzose  and  the  micaceous 
,  phases  occur,  but  in  no  specimen  does  the  mica  exceed  the  quartz  in 
I  quantity, 

*  The  quartz-hornblende  schist  ia  a.  dark-green,  dense,  hard  rock, 
IkVith  imperfect  cleavage  and  fine-graioed  and  uniform  texture.  Its 
i. mineral  otnslituents  can  not  usually  be  distinguished  in  the  hand 
'  specimen  without  the  aid  of  the  lens,  but  the  microscttpe  shows  that 
I  fb  consists  of  about  equal  proportions  of  quartz  and  green  hornblende. 
[  The  quartz  occurs  in  interlocking  grains  and  the  hornblende  tends  to 
[form  automorpliic  crystals  whoso  longer  axes  are  roughly  parallel. 
'  No  other  minerals  were  observed  in  the  slides  examined.  Some 
I  phases  of  the  rock  contain  more  quartz  than  hornblende. 
L  The  hornblende  schist  is  a  dark-green,  soft,  coarse^ained  rock, 
■  ■  considerably  disintegrated,  and  crumbles  under  the  hammer.  Mega- 
scopically  it  consists  almost  entirely  of  dark-^reen  hornblende  and 
exhibits  no  schistosity.  The  mcroscope  shows  that  it  consists 
almost  wholly  of  loi^e  crystals  of  green  hornblende  in  all  stages  of 
alteration,  with  a  small  amount  of  interstitial  quartz,  the  quartz 
granules  being  strung  out  in  roughly  parallel  lines.  The  rock  ia  much 
altered  and  a  thin  section  of  it  is  unsatisfactoiy. 

OBiQor  or  TKK  sohht. 

The  rocks  in  the  Shinmuo  area  afford  no  clear  evidence  of  the 
original  character  of  the  Vishnu  ec^t — ^no  evidence  of  handing  that 
can  be  clearly  referred  to  original  sedimentary  bedding  and  no  evi- 
dence of  ordinal  clastic  texture — but  the  mineralogic  compositioa 
of  the  quartz  schists  of  the  mica  and  homUende  type  suggests  their 
sedimentary  origin.  Either  type  m^ht  have  resulted  from  the 
regional  metamoiphism  of  an  arkose  sandstone  or  shale. 

Such  rocks  would  become  eitlier  quartz-mica  or  quartz-hornblende 
schist,  the  type  assumed  being  determined  by  the  proportion  of  iron 
in  tlie  original  sediments.  Certunly  the  great  preponderance  of 
quartz  in  these  rocks  creates  a  presumption  against  t^eir  igneous 
origin.  The  present  aspect  of  the  schists  is  doubtless  due  to  pro- 
cesses connected  with  r^onal  metamorphiam,  namely,  subddence 
and  deep  burial,  subsequent  folding  and  mashing,  and  slow  recrystal- 
Uzation. 
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The  triginal  character  of  the  hornblende  schist  described  as  occur- 
ring in  a  narrow  outcrop  between  the  other  schists  can  not  easily  be 
determined.  The  fact  that  the  rock  consists  of  little  else  than  horn- 
blende suggests  tliat  it  was  originally  an  igneous  rock  of  a  basic  type. 
The  fact  that  the  microscope  discloses  in  it  a  schistose  structure  shows 
that  it  is  at  least  earlier  than  the  period  of  regional  metamorphism  in 
which  the  scliists  wherein  it  is  inclosed  assumed  their  present  struc- 
tural and  mineralogic  character. 

AGS  AVD  CO&SBLATZOV. 

The  Vislmu  schist  consists  of  rocks  which,  in  tlie  light  of  present 
knowledge,  can  be  conceived  to  have  acquired  tlieir  character  only 
at  great  deptlis  beneath  the  eartli's  surface,  in  what  is  tcclinically 
known  as  tlie  "zone  of  flowage."  It  is  therefore  evident  tliat  tlie 
unconformity  wliich  separates  them  from  tlie  overlying  Algonldan 
sediments  of  the  Grand  Canyon  series  represents  a  vast  amount  of 
erosion  and  a  long  period  of  time — a  period  much  greater  in  events 
even  than  tliat  represented  by  the  profound  unconformity  which 
separates  the  succeeding  Grand  Canyon  series  from  the  overlying 
Paleozoic.  The  Vishnu  schist  is  therefore  assigned  to  the  Archean 
system.  It  seems  likely,  as  stated  by  Ransome,^  that  it  may  be 
correlated  with  tlie  Pinal  scliist  of  the  Globe  and  Bisbee  regions,  and 
that  it  presents  "somewhat  different  aspects  of  the  fundamental 
crystalline  complex  of  Arizona." 

These  rocks  have  not  yet  been  studied  in  detail  in  the  Grand  Canyon 
region,  and  their  internal  structural  relations  are  unknown.  A 
careful  study  of  tlieir  exposures  in  tlie  Kaibab  division,  in  tlie  Sliiv- 
wits  division,  and  along  tlie  soutliwestern  border  of  the  Plateau 
province  may  reveal  the  general  Archean  structure  and  the  relation 
of  these  rocks  to  the  fundamental  complex  of  the  southern  part  of 
Arizona. 

INTBUSIVE    QUARTZ    DIORrTE    AND    DIKES    OF    PEGMATTTE    ASSOCIATJID 

WrTH  THE   VISHNU  SCHIST. 

The  Vislmu  schist  is  intruded  b}^  masses  of  quartz  diorite  and  by 
dikes  of  pegmatite. 

QUARTZ  DIORITX. 

So  far  as  observed,  quartz  diorite  constitutes  all  the  Archewi 
system  in  the  Sliinurao  quadrangle  tliat  is  exposed  in  tlie  Granite 
Gorge  of  Colorado  River  for  half  a  mile  east  of  Cable  Crossing.  Its 
western  contact  is  well  defined,  but  its  eastern  limit  was  not  located. 

Tlie  quartz  diorite  in  the  river  gorge  east  of  Cable  Crossing  is  a 
coarse-grained,    dense,   resistant  rock   of   typical  granitic   texture, 

I  Rnnaoine,  F.  L.,  Tho  geology  and  ore  deposits  of  the  Disbee  quadrangle,  Arizona:  U.  8.  Oeol. Survey 
I*raf.  Paper  21,  p.  21,  ig04. 
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which  tends  to  weather  into  roughly  angular  blocks  and  ihiis  to 
assume  forms  that  distinguish  it  in  the  mass  from  the  Vislinu  schist. 
It  is  dark  gray,  looks  remarkably  fresh,  and  contains  visible  particles 
of  white  striated  feldspar,  dark  hornblende,  and  glistening  black 
biotite.  The  rock  is  uniform  in  texture  throughout  the  exposures 
observed,  is  apparently  without  contact  modifications,  and  shows  no 
gneissoid  banding. 

Under  the  microscope  it  is  seen  to  be  a  coarse-granular  rock  of 
granitic  texture.  Its  dominant  mineral  constituents  are  plagioclase 
and  common  hornblende,  the  plagioclase  ranging  from  oligoclase  to 
labradorite.  Microcline,  orthoclase,  and  quartz  are  present  in  about 
equal  proportions,  but  their  total  amount  does  not  equal  that  of  the 
plagioclase.  Brown  biotite  appears  in  somewhat  less  quantity  than 
tlie  hornblende,  and  titanite  and  magnetite  are  accessories.  Occa- 
sionally tlie  quartz  is  poikilitic  in  the  orthoclase.  The  feldspathic 
and  ferromagnesian  minerals  occur  in  about  equal  proportions.  If 
it  were  not  for  the  preponderance  of  plagioclase  the  rock  might  be 
classed  as  a  quartz  monzonite  or  granodiorite,  but  it  is  probably  best 
classed  as  a  quartz  diorite  with  a  monzonitic  aspect.  The  microscope 
reveals  no  cataclastic  structure  nor  other  evidence  of  dynamic  action, 
and  tlie  minerals  are  fresh  and  unaltered. 

The  origin  of  the  quartz  diorite  is  reasonably  clear.  As  it  is  a 
coarse-grained  igneous  rock  of  plutonic  aspect  occurring  over  a  large 
area,  sharply  cutting  the  Vishnu  schist,and  showing  no  textnral  modi- 
fications at  the  contact,  it  doubtless  represents  a  deep-seated  igneous 
invasion  of  a  largo  mass,  of  the  typo  known  as  a  batholith.  As  the 
rock  is  unaltered  and  shows  no  gnoissoid  or  cataclastic  structure  the 
batholithic  invasion  probably  occurred  after  the  period  of  regional 
metamorphism  that  produced  recrystallization  and  schistosity  in  the 
inclosing  schists.  The  invasion  of  the  batholith  may  in  itself  have 
aided  in  producing  this  recrystallization  and  schistosity,  but  the 
field  evidence  seems  to  bo  adverse  to  such  a  conclusion,  for  the  schist 
shows  no  change  either  in  texture  or  in  mineral  composition  with  in- 
crease of  distance  from  the  contact. 

PEQMATITE. 

^  A  gi'anitic  pegmatite  occurs  in  dikes  that  cut  all  types  of  the  Vishnu 
scliist  and  that  may  readily  be  divided  into  two  generations.  The 
older  generation  is  folded  with  the  schists;  the  younger  generation 
is  a  great  network  or  mesh  of  dikes  that  cuts  both  the  quartz  diorite 
intrusive  and  the  Vishnu  schist.  A  vertical  section  covering  a  thou- 
sand foot  exposes  a  huge  mesh  of  these  dikes  in  the  wall  of  the  Granite 
Gorge  oast  of  the  mouth  of  Ilotauta  Canyon.  (See  PL  VIII,  B,  p.  28.) 
The  ])ogmatitos  f.re  pmk,  very  coarse-grained  rocks,  composed 
chiefly  of  quartz  and  pink  orthoclase,  and  in  places  contain  large 
crystals  of  silvery-white  mica.     Most  of  the  dikes  exhibit  typical 
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comb  structure  inward  from  their  walls  and  a  graphic  arrangement 
of  the  quartz  and  feldspar.  Along  the  walls  of  some  of  the  dikes  the 
texture  becomes  aplitic. 

The  older  pegmatite  dikes  are  folded  intimately  with  the  Vishnu 
schist.  Their  injection  may  have  either  preceded  or  accompanied 
the  regional  metamorphism.  The  yoimger  pegmatite  dikes  cut  both 
the  Vishnu  schist  and  the  intrusive  quartz  diorite.  Where  they  cut 
the  schists  they  break  clean  across  the  schistosity.  The  injection  of 
these  dikes  is  the  latest  recorded  event  in  the  igneous  activity  of 
Archean  time  within  the  area. 

ALGONSZAK  8Y8TE1L 

GRAND  C3aNTON   SERIES. 
VAMZ. 

The  unaltered  pre-Cambrian  sedimentary  rocks  of  the  Grand 
Canyon  region  were  first  recognized  by  Powell  *  and  were  afterward 
more  carefully  studied  by  Walcott '  at  the  eastern  end  of  the  Kaibab 
division  of  the  canyon.  They  are  described  by  Walcott  as  a  series 
of  sedimentary  rocks  12,000  feet  in  thickness,  comprising  limestones, 
shales,  sandstones,  and  interbedded  flows  of  lava,  separated  both 
from  the  imderlying  Vishnu  schist  and  from  the  overlying  Cambrian 
sediments  by  profound  unconformities,  and  exposed  over  a  consider- 
able area  in  the  greater  depths  of  the  Grand  Canyon  and  in  the  inter- 
canyon  valleys  of  the  north  side.  To  this  series  of  sedimentary  rocks 
Powell '  gave  the  name  Grand  Canyon  group,  which  was  modified  by 
Walcott  to  Grand  Canyon  series. 

A  slight  unconformity  of  erosion  was  found  in  the  middle  of  the 
series.  The  stata  lying  below  this  minor  unconformity  were  called 
by  Walcott  the  Unkar  terrane,  the  name  being  derived  from  Unkar 
Valley,  in  wliich  the  strata  are  typically  exposed.  The  rocks  above 
the  minor  unconformity  were  called  by  him  the  Chuar  terrane  from 
typical  exposures  in  Chuar  Valley.  These  two  valleys  are  parallel 
intercanyon  valleys  of  the  north  side  of  the  Colorado  in  the  area  de- 
scribed by  Walcott.  According  to  the  Survey  classification  the  Unkar 
and  Chuar  are  designated  as  groups. 

f 

DISTRIBUTIOF  VX  THE  ORAND  CAJTYOF. 

At  six  localities  in  the  Grand  Canyon  between  the  mouth  of  the 
Little  Colorado,  in  the  eastern  end  of  the  Kaibab  division,  and  the 
mouth  of  Tapeats  Creek,  some  80  miles  below,  in  the  eastern  part  of 

t  Powell,  J.  W.,  Exploration  of  the  Colorado  River  of  the  West,  p.  212  and  flg.  79,  Washington,  1876. 

>  Walcott,  C.  D.,  Pre-Cambrlan  Igneous  rocks  of  tha  Unkar  terrane,  Grand  Canyon  of  the  Colorado, 
Arizona,  with  notes  on  the  petrographic  character  of  the  la\'as  oy  J.  P.  Iddings:  U.  8.  Oeol.  Survey  Four- 
teenth Ann.  Kept.,  pt.  2,  pp.  497-519,  620^624, 1894. 

s  Powell,  J.  W.,  Geology  of  the  eastern  portton  of  the  Uinta  Mountains:  U.  S.  Geol.  and  Geog.  Survey 
Terr.,  p.  70, 1876. 


is      mtvuxo  qnAsaAmeiMf  qband  canyon  district,  abiz. 

ttia  Euub  diTiBcm,  the  Btnta  t>f  the  Grand  Cmiyon  scries  are  exposed 
.between  the  dyBtaUine  sdusta  of  the  Archean  and  thu  buaat  sandstone 
ct  the  Cambrian,     five  of  the  localities  are  within  ttie  Kaibab  divi-  J 
Am]  the  mxth  ia  within  the  EJuwb.  ' 

1^  firat  of  these  locaHtiea  is  tiie  eUano  ueft  beknr  the  noath  of  the 
little  Colorado,  deambed  by  Weloott.  This  ia  the  laifeit  srael  ex- 
poauie  of  these  rocka  in  the  Qimnd  Canyon,  waA  indndea  both  the 
Unksr  and  Chuar  groupa.  It  extenda  narUiweatwiid  Amai  the 
ctayon  of  Viahnu  CSraek  and  into  theoai^tmnaotwert  ofit. 

Tba  aecond  kwality  liea  5  milea  weat  of  the  fitat,  at  the  bead  of 
fte  inner  gotge  of  CSear  Creek,  on  the  north  ride  of  OoItHttdo  Binr, 
wilhin  the  deptiis  of  Ottoman  Amphitheater.  Hie  apomre  ia 
Hmited  to  leaa  than  a  aqnare  mile.  It  oompriaea.  a  amAlI  poftion  of 
tiie  basal  part  of  the  Ut^ar  group  and  ia  atmoturally  a  unit  wlfli  the 
fiiat  localify. 

The  third  locality  Uea  along  the  north  ade  of  Oolorado  Binr  at 
the  mouth  of  Bright  Angel  Creek  (Fl.  X,  B),  opposite  the  raih^iadj 
taminos  and  hotels  of  the  Qrand  Canyon  Kailway,  Sitnte  Fe  Sjsbua 
About  1,000  feet  of  the  baaal  portioti  of  the  Unkar  group  is  thee 
npreeented  and  the  areal  extent  of  the  exposure  is  iibout  H  squal 
wrilnt  Thia  locality  baa  already  been  described  diicfly  by  Ransomed 
It  Uea  about  10  milea  weat  of  the  type  Ini^ality  and  extenda  southei 
ward  acroaa  Colorado  Kiver  into  the  canyon  of  Cremation  C 
along  the  line  of  a  flexure  in  the  Paleozoic  strata. 

The  Jourth  locaiity  comprises  a  small  exposure  of  basal  Unkar 
atrata  in  the  depths  of  Hindu  Amphitheater,  on  the  north  nde  of 
the  Colorado  about  3  miles  up  Crystal  Creek  from  its  mouth,  soma 
20  milea  west  of  the  type  locality.  The  exposure  covera  about  1 
square  mile  and  has  not  yet  been  described. 

The  filth  locality,  to  be  deecrlbed  in  tha present  report,  liea  near 
the  mouth  of  Shinumo  Creek,  about  30  miles  west  of  the  type  locality. 
The  exposures  cover  between  10  and  12  square  miles  and  include 
rocks  representing  nearly  the  entire  Unkar  group. 

The  sixth  locality  is  in  Lower  Granite  Gorge  just  above  the  month 
of  Tapeats  Creek,  in  the  Kanab  division  of  the  canyon.  It  Uea  42 
miles  northwest  of  the  type  locality  and  12  miles  directly  northwest 
of  the  Shinumo  area.  It  extends  about  3  miles  along  the  river  and 
includes  about  half  of  the  total  thickness  of  the  Unkar  group.  Ibis 
locality  has  not  yet  been  described. 

Dutton*  figures  "rocks  of  Lower  Silurian  and  Archean  uncon- 
formable" in  the  bed  of  the  river  beneath  the  "basal  Carboniferous," 
in  the  western  part  of  the  Kanab  division,  in  a  section  across  the 
Grand  Canyon  at  the  foot  of  Toroweap  Valley.    AsDutton  means  by 

<IUii»ma.  F.  L.,  PcfrCambriui  sadlmuils  Knd  tHilta  Id  ths  Onud  Canyon  or  tha  Ootondo:  SdMM^iat. 
97,  No.  «U,  1908. 
•Datton.C.  E..Ti(ti>i7liMoi70lthBOniidCu;iindlMiM:  U. S.  OodL  Snmr  HcM. I, p. M,  UB. 
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''basal  Carboniferous"  what  is  now  known  as  the  basal  sandstone 
of  the  Tonto  group,  of  Cambrian  age,  it  is  possible  that  the  ''Lower 
Silurian"  rocks  in  that  locality  are  the  Grand  Canyon  series.  In 
the  Shivwits  division,  according  to  Powell,^  these  rocks  occur  at  least 
in  one  place. 

STBUCTirBS  AVD  DI8TUBUTI0V  OT  THE  8HZVT7XO  QUADBAITQLE. 

Practically  all  the  exposures  in  the  quadrangle  belong  to  the  mass 
about  the  mouth  of  Shinumo  Creek.  (See  Pis.  IV,  fi,  p.  18,  and 
XI.)  The  rocks  of  the  Grand  Canyon  series  here  lie  in  a  wedge- 
shaped  body,  the  apex  of  which  is  the  intersection  of  the  unconform- 
ities by  erosion  that  separate  them  from  the  Archean  below  and  from 
the  Paleozoic  above.  The  apex  of  the  wedge  lies  near  Colorado 
River,  parallel  to  its  northwestward  course.  The  mass  as  a  whole 
constitutes  a  great  tilted  block,  which  in  turn  consists  of  a  great 
number  of  smaller  faulted  and  tilted  blocks  pitching  at  successively 
greater  angles  to  the  northeast,  away  from  the  apex  of  the  wedge. 
In  the  Muav-Flint  Canyon,  about  3  miles  northeast  of  the  apex  of 
the  wedge,  the  whole  mass  is  dropped  by  a  profound  fault,  which 
brings  up  the  underlying  Archean  rocks  from  a  great  depth  on  the 
northeast  side  of  the  fault  plane  and  produces  a  structure  that 
strikingly  resembles  that  of  areas  of  similarly  faulted  Triassic  blocks 
in  the  Connecticut  Valley.  The  strike  of  the  strata  of  the  wedge  is 
N.  40**  W.;  the  dip  varies  from  place  to  place.  The  strata  of  the 
fault  blocks  near  the  apex  of  the  wedge  generally  dip  10*^-15**  NE.; 
those  near  the  center  of  the  wedge  dip  on  an  average  about  25° 
NW.;  but  those  near  the  great  limiting  fault  on  the  northwest  are 
completely  overturned  by  the  "drag"  along  the  fault  plane.  This 
pre-Cambrian  structure  is  truncated  by  the  unconformity  at  the  base 
of  the  Tonto  group.     (For  structure,  see  PI.  I,  sections,  in  pocket.) 

The  great  pre-Cambrian  fault  that  limits  the  wedge  on  the  north- 
east is  the  West  Kaibab  fault,  which  displays  in  a  most  spectacular 
manner  a  phenomenon  analogous  to  that  on  the  line  of  tlic  East 
Kaibab  monocline,  described  by  Walcott.'  On  the  line  of  this  an- 
cient fault  in  the  Shinumo  quadrangle  two  later  displacements  took 
place  after  the  deposition  of  the  Paleozoic  strata  of  the  canyon  wall 
and  probably  later  strata.  The  first  of  these  Ls  a  monoclinal  flexure 
which  reverses  the  throw  of  the  pre-Cambrian  fault;  the  second  is 
a  still  more  recent  fault  superposed  upon  the  line  of  the  monocHnal 
flexure.     (PL  I,  sections,  in  pocket.) 

On  the  north  side  of  the  Colorado  the  strata  of  the  Grand  Canyon 
series  are  exposed  continuously  along  their  strike  for  about  7  miles  in 
the  wall  of  Granite  Gorge  (PI.  XI),  the  exposures  running  back  several 

>  Powell,  J.  W.,  op.  dt.,  p.  fi2. 

'Waloott,  C.  D.,  Study  of  a  line  of  diaplaoement  in  the  Oiand  Canyoa  of  the  Colorado  in  northern  Ariiona; 
Geol.  Soc.  America  Bull.,  vol.  1,  p.  40, 18iN). 
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miles  from  the  river  in  the  larger  side  canyonSi  which  are  cut  beneath 
the  base  of  the  Paleozoic.  These  side  canyons,  named  from  east  to 
west;  are  Hotauta,  Shinmno,  Burro,  and  Hakatai  canyons.  They  are 
trenched  directly  across  the  strike  of  the  strata  and  reveal  them  in 
cross  section.  The  higher  formations  of  the  wedge  are  exposed  for 
about  3  miles  along  the  strike  in  that  part  of  the  interior  gorge  of  the 
Muav-Flint  canyon  which  lies  southwest  of  the  West  Kaibab  fault. 

On  the  south  side  of  the  Colorado  the  exposures  are  confined  to  the 
basal  formations  and  are  small,  for  the  wedge  thins  out  in  that  direc- 
tion. The  rocks  are  exposed  along  the  strike  in  the  wall  of  Granite 
Gorge  between  the  small  canyon  east  of  Serpentine  Canyon  and  the 
mouth  of  Copper  Canyon,  a  distance  of  3  miles.  The  only  long  expo- 
sure across  the  strike  is  in  Bass  Canyon  (PL  XVI,  B,  p.  78). 

The  gorge  of  the  Colorado  has  everywhere  been  trenched  deep 
enough  to  expose  the  Archean  rocks  along  the  river  beneath  the  Grand 
Canyon  series  (PL  III,  A  and  B,  p.  16),  for  the  stream  flows  close  to 
the  apex  of  the  wedge. 

The  hard  quartzite  strata  of  the  wedge  resisted  the  erosion  that 
preceded  the  deposition  of  the  Cambrian  sandstone  and  stood  as  a 
long,  narrow  residual  hill  or  ''monadnock"  in  the  pre-Tonto  plain 
(PL  XVIII,  p.  86).  When  the  Tonto  sea  came  in  over  the  plain  the 
monadnock  formed  a  long  rocky  inland  extending  for  an  unknown 
distance  from  northwest  to  southeast  parallel  to  the  strike  of  the 
Algonkian  strata.  In  many  places  the  rocks  of  tliis  island-monad- 
nock  project  well  above  the  basal  sandstone  of  the  Tonto  group  and 
are  exposed  in  narrow  out<*rops  above  the  Tonto  platform,  forming 
isolated  outliers  of  the  main  mass  of  Algonkian  strata.  The  largest 
of  these  outliers  is  in  Monadnock  Amphitheater,  2  miles  southeast  of 
Hotauta  Canyon. 

The  strata  of  the  Grand  Canyon  series  that  are  exposed  in  Lower 
Granite  Gorge  are  structurally  a  part  of  the  Shinumo  wedge.  They 
represent  strata  of  the  wedge  that  are  prolonged  northwestward  along 
the  strike  and  reappear  beyond  Powell  Plateau.  These  exposures  lie 
just  beyond  the  northern  boundar^^  of  the  Shinumo  quadrangle,  begin- 
ning about  2  miles  doT\Ti  Colorado  River  from  the  north  of  Specter 
Chasm.  They  include  about  4,000  feet  of  the  Unkar  group,  which 
strike  northw(\st-south(uist  and  dip  about  15°  NE. 

UNKAR  GROUP. 
rHARACTEU   AND    SUBDIVISIONS. 

The  greater  part  of  the  Unkar  group  of  the  Grand  Canyon  series, 
of  Algonkian  age,  is  rc^presented  in  the  Shinumo  quadrangle.  The 
uppcT  or  Chuar  group  is  not  represented.  Although  these  pre- 
Canibrian  sediments  show  no  more  e\ndence  of  alteration  or  meta- 
morpliism,  apart  from  local  igneous  contact  phenomena,  than  the 
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overlying  Paleozoic  beds,  they  are  destitute  of  fossils  or  of  other 
evidence  of  life.  In  the  absence  of  fossils  the  rocks  of  the  group  may 
be  divided  into  formations  by  their  lithology,  according  to  which  the 
portion  of  the  Unkar  group  in  the  Shinumo  quadrangle  is  divisible 
into  five  formations,  which  appear  in  conformable  stratigraphic 
succession.  The  importance  of  this  division  should  not  be  greatly 
emphasized,  its  chief  value  lying  in  the  fact  that  it  furnishes  a  means 
of  comparing  the  lithologic  succession  of  the  Unkar  group  in  this  area 
with  that  in  the  type  locality  described  by  Walcott,  30  miles  to  the 
east,  as  well  as  a  means  of  distinguishing  in  a  broad  way  the  main 
changes  in  the  physical  conditions  imder  which  these  sediments  were 
laid  down. 

At  the  base,  resting  upon  the  profoundly  eroded  and  base-leveled 
surface  of  the  metamorphic  rocks  of  the  Vishnu  schist,  is  a  tliin 
conglomerate.  Upon  the  conglomerate  lies  a  series  of  limestones 
and  calcareous  shales.  These  grade  upward  into  argillaceous  and 
arenaceous  shales  which  are  locally  intruded  by  a  thick  sill  of  diabase 
and  are  overlain  in  turn  by  great  thicknesses  of  sandstone  and 
quartzite.  The  uppermost  exposed  formation  of  the  group  in  the 
quadrangle  is  a  thick  series  of  micaceous  shaly  sandstones. 

The  following  section  shows  the  geologic  plan  of  the  group  and  the 
formations  into  which  it  has  been  subdivided: 

Section  showing  relations  and  subdivisions  of  Unkar  group. 
Tonto  group. 
Unconformity. 
Unkar  group:' 

Dox  sandstone  (micaceous  shaly  sandstone) 2, 297 

Shinumo  quartzite  (sandstone  and  quartzite) 1, 564 

Hakatai  shale  (aigillaceous  and  arenaceous  ^ale) 580 

Bass  limestone  (calcareous  shale  and  limestone) 335 

Hotauta  conglomerate  (basal  conglomerate) 6 

4,782 
Unconformity. 

Vishnu  schist. 

These  strata  lie  in  a  wedge-shaped  mass  that  is  inset  in  the  Vishnu 
schist  (see  PI.  I,  sections) — a  wedge  composed  of  a  great  number  of 
small  tilted  fault  blocks;  the  relations  showing  that  nowhere  in  the 
Shinumo  area  can  the  thickness  of  these  rocks  be  measured  in  one 
imbroken  section.  As  the  lithologic  characters  of  the  strata  are 
constant  and  the  beds  easily  recognized,  however,  and  as  the  throw 
of  the  faults  that  bound  the  tilted  blocks  seldom  exceeds  100  feet,  a 
section  showing  the  unbroken  sequence  can  be  easily  obtained. 

Detailed  sections  ware  made  from  the  base  of  the  Unkar  upward 
through  each  fault  block  until  ita  Umit  ma  iMohed,  and  the  highest 


t  The  dUban  tbat  wm  tneindtd  by  Wrf"  "  *"  ■ai—^^^^^^^iMfc^.m^i,  u  now  known  to  be 
IntnutTe  Is,  In  aooordnoe  with : 
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bed  nuMsared  w&s  then  located  ui  th«>  noxt  block  to  the  Dortfa-  I 
MSt  knd  the  measurement   resumed   at   that   point.     All  sections  J 
oeqit  those  in  the  highest  formation  of  the  group  were  measured  j 
wah.  ft  tape  almg  tlio  nearly  vertical  walk  i:if  the  canyons  of  the  I 
Siltatimo  and  otlior  washes  that  cut  acruss  the  strike  of  the  strata. 
^be  strong  drag  nf  the  great  fault  on  the  northeast  has  flexed  and 
iMntorted  the  shaly  strata  of  the  Dox  sandstone  in  stu^h  a  majmer  that 
aoeorste  meamremeut  with  the  tape  alone  was  impossible.     Their 
tiuoknesB  iraa  ooniputed  trigonometrically,  by  using  the  combined 
data  afforded  by  the  tape,  the  topographic  map,  and  the  observed 
flibiikes  and  dqi8. 

The  section  here  given  was  made  in  two  places.  The  greater  part 
at  h  was  measured  in  a  traverse  np  Sliinimio  Canyon.  This  part  of 
As  section  inohides  all  the  strata  above  the  diabase  sill,  which  ta 
fariraded  midway  in  the  Hakatai  shale  in  that  locality.  A  complete 
aBetim  <^  the  group  cotdd  have  been  made  in  a  traverse  of  the  course 
at  Sliiramo  Craak  from  the  basal  unconformity  at  the  mouth  of  the 
«nek  to  the  great  fault  3  milos  above,  although  four  faults  cross  the 
emit  between  its  mouth  and  the  place  where  the  diabase  sill  dips 
bneath  the  bed  of  the  stream,  but  a  place  was  found  in  Hotauta 
Oanyon  where  aB  the  strata  between  ti^e  basal  unconformity  and  the  , 
£abase  sill  lie  in  a  continuous  unfault«d  section,  in  a  fault  block  that 
J8  tilted  about  10"  NE.,  so  the  s<;ction  of  the  basal  m^gbeta  of  the 
group  was  meofiuied  in  this  locality. 


Base  of  the  formation. — The  surface  of  erosion  represented  by  the 
unconformity  upon  which  the  Hotauta  conglomerate  rests  is  an 
almost  perfect  plane,  for  nowhere  in  the  7  linear  miles  exposed  in  the 
Sbinumo  quadrangle  is  there  a  difference  in  relief  exceeding  20  feet. 
The  depth  of  weathering  below  this  surface  appears  to  be  alight,  in 
^ite  of  the  enormous  amoimt  of  rock  that  has  been  removed,  and  the 
weathering  appears  to  be  the  result  of  physical  disintegration  rather 
than  of  chemical  decomposition. 

Name  arid  character. — ^The  name  of  the  formation  is  that  of  the 
canyon  in  which  the  lower  part  of  the  geologic  section  was  measured. 

The  Hotauta  conglomerate  is  an  arkose  conglomerate  which  varies 
in  thickness  from  1  to  6  feet  in  the  Shinumo  quadrangle.  It  is  com- 
posed of  angular  or  subangular  fragments  of  the  Toc^  of  the  under- 
lying Vishnu  schist,  cemented  by  a  matrix  of  red  arkose  mud,  which 
generally  contains  small  fragments  of  pink  feldspar  and  spcffadically 
small  rounded  grains  of  quartz. 

This  conglomerate  varies  greatly  in  hardness,  from  place  to  place, 
ranging  from  a  hard,  dense,  sihceous  rock,  which  fractures  across 
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matrix  and  inclosed  rock  fragments  alike,  to  an  easily  disintegrated 
rock  in  which  the  matrix  crumbles  away  from  the  inclosed  fragments. 
The  degree  of  hardness,  however,  does  not  depend  on  original  cementa- 
tion, but  on  local  metamorphic  effects  produced  by  the  diabase  sill 
that  is  intruded  in  the  overlying  rocks,  the  degree  of  induration 
depending  on  the  depth  of  the  conglomerate  below  the  contact  of 
the  sill. 

The  matrix  everywhere  is  generally  of  the  same  composition,  but 
the  character  of  the  inclosed  fragments  depends  on  the  character  of 
the  imderlying  Vishnu  schist.  The  rock  that  underlies  the  con- 
glomerate in  Hotauta  Canyon  is  the  quartz  diorite  of  the  batholith 
already  described.  The  diorite  for  3  feet  below  the  conglomerate  is 
divided  into  roughly  angular  blocks  by  joints,  which  are  filled  with 
the  red  arkose  material  of  the  matrix.  Above  the  diorite  lies  a  layer 
of  the  conglomerate  a  foot  thick,  composed  of  weathered  fragments 
of  diorite  cemented  with  the  red  arkose.  Above  this  lies  a  layer, 
6  inches  thick,  of  small  rounded  quartz  pebbles  and  fragments  of 
chert  like  .that  in  the  overlying  limestones.  The  whole  is  cemented 
with  the  red  mud.  Although  the  contact  of  the  diorite  with  the 
mica  schists  in  the  underlying  Vishnu  formation  is  not  200  yards 
distant,  no  fragments  of  the  mica  schist  were  observed  in  the 
conglomerate. 

In  Hakatai  Canyon,  4  miles  west  of  Hotauta  Canyon,  the  under- 
lying rocks  are  mica  schists  and  veins  of  quartz  and  pegmatite. 
Here  the  Vishnu  schist  is  scarcely  weathered  at  all  below  the  un- 
conformity. The  overlying  conglomerate  is  6  feet  thick  and  con- 
sists of  angular  fragments  of  the  underlying  mica  schists,  fragments 
of  pegmatitic  feldspar  and  vein  quartz,  and  the  arkose  cement 
described  above.  The  rock  here  is  very  hard,  and  when  fractured 
breaks  across  the  grains  like  a  dense  quartzite.  This  hardness  is  an 
effect  of  the  intrusion  of  the  diabase  sill,  the  lower  contact  of  which 
in  Hakatai  Canyon,  lies  only  150  feet  above  the  basal  conglomerate, 
whereas  in  Hotauta  Canyon  it  lies  550  feet  above. 

Summary. — Tlie  Hotauta  conglomerate  is  characterized  by  two 
important  features — an  arkose  nature  and  a  lack  of  sorting  and 
transportation  of  its  component  fragments. 

BASS   LIMESTONE. 

Naine  and  subdivisions, — ^The  name  of  the  Bass  limestone  is  derived 
from  Bass  Canyon,  where  the  strata  are  typically  exposed.  (See  PI. 
X,  A.)  The  following  section  was  measured  on  the  west  side  of 
Hotauta  Canyon.  The  typographic  arrangement  shows  the  natural 
order  of  the  beds,  A  representing  the  top  bed  of  the  section  And  1  the 
top  member  of  each  bed. 


^44         SHTNUMO  QUADRANGLE,  GRAND  CANVON  DISTRICT,  ABIZ. 

SfClioR  of  Bail  limfitoivf  in  Hotauta  Canyon. 

VI.  la. 

A.  Blue  alite  and  white  limeaione 108  2 

B.  WbiW  limBBtone 106  2 

C.  ArgillaceouB  «.nd  calc&reoua  red  ehale  and  Itmwtone 85  6 

D.  Basal  wl)it«  limsHtone 6  0 

304  9 
OrdfJ,  charatifT,  and  ChictneM  of  »'ilidiriii\iins  nf  liv  Hose  liinntont. 

A.  Blue  Hlate  and  white  limestone:                                                         yt.  In. 

1.  Layers  of  dense  white  crystalline  limeatone  acpurai<<(l 
by  bands  o£  pale-green  taUime  lualerial 2  0 

2.  Dense  red  and  black  banded  jasper,  woalheringgrceQ  be- 
tween the  layera  and  formir^  a  cliff.  The  laj-ers  con- 
tain shrinkage  cracks  and  ripplu  marks n  4 

8.  Layers  of  dense  white  crystalline  limestone  separated 

by  thin  bands  of  pale-green  talcoae  material 10  0 

4.  Pinkish-gretn  fissile  siiieeouB  elate  o(  a  jaspery  appear- 
ance, forming  a  cliff 5  0 

6,  Denae,  lumpy  white  cr^'stalline  limeMune 2  0 

6.  Fissile  blue  alale T  0 

7.  Thin-bedded  plaly  white  limeatono '    4  6 

8.  Calcareous  blue  elate,  forming  a  cliff 3  Q 

8.  Very  thin  lamellar  fiasile  blue  slate 3  0 

10.  Thin-bedded  piaty  while  limestone 2  6 

11.  Dense  blue  crystalline  limestone,  fonning  small  clill 2  3 

12.  Gnurly  layers  of  fine  lamellar  blue  calcareous  slate  with 
11  very  coarwe  concretionary  structure  and  irregular 
nmiuka  of  <  hm  in  Ibe  middle  part  of  the  bed 33  0 

13.  Thin-lamellar  spotted  blue  slate 8  6 

14.  Same  as  16,  forming  a  small  cliff 8 

16.  Same  as  17 2  2 

16.  Dense  purple  crystalline  limestone,  forming  a  small  cliff  7 

17.  Thin-bedded  purple  crystalline  limestone 1  2 

15.  Fissile  blue  slates  with  fine  partings 7  0 

19.  Hard  blue  slate,  forming  small  cliff 1  0 

20.  Soft  piuple  shale 3  6 


B.  White  limestone: 

1.  Very  hard,  dense  layer  of  fUnt,  forming  small  cliff 

2.  Gnarled  and  nodular  white  eherty  limestone 7    ' 

3.  Thin-bedded  crystalline  white  limestone 6 

4.  Thick-bedded  crystalline  white  limestone  of  the  mme 

character  as  8,  forming  a  strong  cliff 3 

5.  Red  shale  below  and  purple  shale  above,  separated  by  a 

Ihin  layer  of  chert, 5 

6.  Undulatory-banded  eherty  limestone,  becoming  crystal- 

line above 10 

7.  Same  in  thinner  beds. 0 

8.  Thick-bedded  layers  of  pure,  homogeneous  white  mar- 

ble, forming  the  strongest  cliff  in  Ihe  second  formation 
of  the  Unkar  group 6 
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B.  White  limeetone— Continued.  Ft.  in. 

9.  Layers  of  undulatory-bfmded  nodular  chert  in  a  matrix 

of  earthy  white  limestone 3  10 

10.  Purpleahale 3    3 

11.  Dense  cryBtalline  blue  limestone 4 

12.  Homogeneous  thin-bedded  white  limestone,  crumbling 

to  a  white  powder  and  weathering  into  plates  like  a 

shale 15    0 

13.  Dense  blue  cryBtalline  limestone,  forming  a  small  cliff...  3    0 

14.  Soft  purple  shale 1  10 

15.  Thin-bedded  crystalline  white  limestone. 3  10 

16.  Soft  purple  shale 1    0 

17.  Thin-bedded  white  limestone  crumbUng  to  white  powder 

or  weathering  into  thin  plates  like  a  shale 2    0 

18.  Layer  of  gnarled  and  twisted  chert  nodules  in  a  matrix  of 

white  talc  whose  surface  is  covered  with  dendritic 

markings 2    0 

19.  Soft  purple  shale 5 

20.  Layers  of  undulatory-banded  bluish  chert. 1  10 

21.  Purple  shale (?) 

22.  Lumpy  and  gnarly  white  limestone  carrying  chert  in 

laige,  irregular  nodules.    Crumbles  to  a  white  powder. .      2    6 

23.  White  limestone  carrying  a  large  amount  of  chert  in 

undulatory  and  gnarled  bands 2    4 

24.  Homogeneous  thin-bedded  white  crystalline  limestone 

containing  occasional  thin  bands  of  chert  and  nodules 
resembling  Cryptozoon 8    6 

25.  Dense  homogeneous  white  crystalline  limestone,  form- 

ing a  cliff.    Upper  part  is  thin  bedded 3    8 

26.  Nodular  white  cherty  limestone.    The  chert  occurs  in 

irregular-shaped  nodules.  The  upper  part  of  the  stra- 
tum has  a  paper-thin  bedding,  giving  it  the  aspect  of  a 
calcareous  shale.  The  limestone  weathers  to  a  white 
powder.    Bears  dendritic  markings 2    0 

27.  Thin-bedded  white  cherty  limestone,  carrying  the  chert 

in  parallel  bands  and  containing  three  paper-thin  lay- 
ers of  purple  shale.  Weathers  to  a  white  powder. 
Bears  dendritic  markings 2    0 

105    2 

C.  Ai^gillaceous  and  calcareous  red  shale  and  limestone: 

1.  Blue  calcareous  shale  with  an  onion-like  concretionary 

stnicture  on  a  large  scale 5    0 

2.  Dense  purple  calcareous  shale,  carrying  bands  of  pink 

calcite  and  forming  a  cliif.    Contains  occasional  thin 

bands  of  chert 9    6 

3.  Alternating  layers  of  buff  and  red  shale 13    6 

4.  Compact  red  shale,  forming  a  cliff 8    0 

5.  Cherty  white  limestone 4 

6.  Red  shale. 4    4 

7.  Pink  limestone 1    0 

8.  Blue  limestone 2 

9.  Red  shale 1    0 

10.  Blue  limestone 3 
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C.  Argillaceous  and  calcareous  red  shale  and  limestone — Con.  Ft.  in. 

11.  Redshale 11  0 

12.  Red  crystalline  limestone 1  0 

13.  Redshale 1  0 

14.  Red  crystalline  limestone 1  0 

15.  Calcareous  red  shale  with  three  thin  bands  of  purple  . 

limestone 9  10 

16.  Purple  limestone 6 

17.  Redshale 3  10 

18.  Blue  limestone 4 

19.  Redshale 1    5 

20.  Blue  limestone,  white  for  1  inch  at  the  base  and  showing 

dendritic  markings 5 

21.  Alternating  layers  of  buff  and  chocolate-red  shale  with  a 

splintery  habit  of  weathering  and  a  rou£^y  concre- 
tionary structure.  Like  all  the  succeeding  shales  and 
sandstones  of  the  Unkar  group,  they  are  mottled  with 
light  spots,  generally  circular  or  elliptical  in  form  and 
of  all  sizes * 5    6 

22.  Purple  crystalline  limestone 1    0 

23.  Purple  shale  with  occasional  bands  of  purple  calcite 4    0 

24.  Purple  cherty  limestone 1    0 

25.  Soft  purple  shale 6 

85    5 

I).  Basal  white  limestone: 

1.  White  cherty  limestone  carrying  the  chert  in  thin  paiallel 

bands,  which  are  etched  out  by  the  weather  on  the 
cross  sections.  The  surface  of  each  chert  layer  shows 
polygonal  cracks  suggestive  of  gun  cracks  in  shale. 
This  structure  belongs  to  each  separate  chert  layer  and 
is  not  a  columnar  structure.  The  weathered  surfaces 
of  tlicse  chert  layers  are  dotted  with  small  cubic  depres- 
fdnns  which  were  apparently  formed  by  the  leaching  out 
of  some  mineral  of  cubic  form 4     6 

2.  AVTiite  ncKhihir  cherty  limestone.    The  chert  occurs  in 

nodules  having  a  roughly  concentric  structure  some- 
what suggestive  of  the  structure  of  Cryptozoon 1     6 

6    0 

Speciintuis  of  these  limestones  when  examined  in  the  laboratory 
proved  to  be  more  or  less  magnesian,  and  all  those  of  division  B  were 
found  to  be  dolomites. 

Thin  sections  were  cut  from  specimens  taken  from  20  separate 
beds  in  di\^sion  B.  Eighteen  of  these  slides  were  cut  from  the  lime- 
stone strata  and  two  from  the  red  shales.  The  sections  of  the  lime- 
stones were  cut  both  from  the  chert  bands  and  nodules  and  from 
the  limestone  itself,  for  the  purpose  of  ascertaining  the  exact  miner- 
alogical  character  of  these  rocks  and  in  the  hope  that  they  might 
reveal  traces  of  a  structure  that  could  be  referred  to  something  organic. 
The  microscope  revealed  no  minerals  other  than  calcite  and  quartz 
in  any  of  the  slides.    Tlie  siUca  of  tlie  chert  bands  and  nodules 
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appeared  in  the  form  of  interlockuig  grams  of  quartz.  None  of  these 
grains  were  rounded  and  there  was  no  evidence  that  the  quartz 
grains  represented  an  inwashed  sand.  No  trace  of  organic  structure 
was  revealed  either  in  the  chert  or  in  the  limestone.  The  purer 
limestones  were  foimd  to  consist  of  calcite  (or  dolomite)  alone,  the 
crystalline  forms  having  the  typical  structure  of  marble.  The 
impure  varieties  were  seen  to  consist  of  mixtures  of  quartz  and  calcite 
in  all  proportions,  the  greater  part  of  the  limestone  being  of  this 
impure  character.  The  shales  were  foimd  to  consist  of  a  fine,  im- 
palpable ferruginous  or  calcareous  mud,  containing  here  and  there  a 
minute  grain  of  quartz. 

Summary. — The  section  of  the  Bass  limestone  shows  several  inter- 
esting features.  Ripple  marks  and  sun  cracks  appear  for  the  first 
time  in  the  shales  in  stratum  2  of  division  A,  just  below  the  limestone 
stratum  at  the  siunmit  of  the  formation.  An  increase  in  the  inten- 
sity of  local  metamorphism  in  the  section  from  the  base  upward  was 
also  noted,  the  rocks  becoming  harder  and  changing  in  color  with 
increasing  proximity  to  the  lower  contact  of  the  diabase  sill,  which 
is  intruded  in  the  overlying  Hakatai  shale.  Nearly  aU  the  shales  of 
division  C  are  red,  but  from  the  siunmit  of  this  division  upward  they 
are  purple  and  blue.  The  shales  below  division  A  are  soft  and 
crumbly;  those  in  this  division,  however,  have  become  dark-blue 
slates,  and  those  in  the  upper  part  of  the  section  have  become  extremely 
hard,  siliceous  jaspers. 

The  section  is  broadly  characterized  by  oft-repeated  alternations 
of  limestone  and  shale,  and  according  to  tJie  dominance  of  one  or  the 
other  type  of  rock  the  four  divisions  A,  B,  C,  and  D,  are  separated : 
D  is  entirely  limestone;  C  is  alternating  limestone  and  shale;  B  is 
predominantly  shale;  A  is  largely  slate  and  jasper.  Thus  there  are 
four  major  cycles  of  oscillation  of  sediments  upon  which  the  minor 
cycles  are  superimposed. 

A  comparison  of  the  above  section  in  Hotauta  Canyon  with  a 
section  measured  in  Hakatai  Canyon,  4  miles  to  the  west,  is  of  interest. 
In  Hakatai  Canyon  the  "basal  white  limestone"  (D)  has  a  thickness 
of  30  feet,  contrasted  with  a  thickness  of  6  feet  in  Hotauta  Canyon. 
The  thickness  of  lower  stratum  of  "white,  nodular,  cherty  limestone'' 
in  Hakatai  Canyon  is  7  feet  9  inches,  whereas  in  Hotauta  Canyon  it 
is  only  1  foot  6  inches.  The  upper  stratum  of  this  section,  a  parallel- 
banded,  cherty,  white  limestone,  which  is  4  feet  6,  inches  thick  in 
Hotauta  Canyon,  is  22  feet  3  inches  thick  in  Hakatai  Canyon,  and 
contwis  in  the  middle  an  intercalated  layer  of  purple  shale  and  near 
the  top  a  thin  layer  of  rather  fine  arkose  conglomerate.  In  Hakatai 
Canyon  the  "argillaceous  and  calcareous  red  shales  and  limestones'' 
of  division  C  are  88  feet  thick,  but  in  Hotauta  Canyon  they  are  85 
feet  5  inches  thick  aod.hATB.noti  the  zed  oolor  that  characterizes 
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them  in  Hakatai  Canyon,  being  purple  and  blue  and  much  indurated. 
This  change  of  color  and  difference  in  hardness  are  due  to  their  closer 
proximity  to  the  diabase  sill  in  Hakatai  Canyon. 

The  correspondence  in  the  lithologic  character  and  vertical  suc- 
cession of  the  beds  of  these  two  sections,  4  miles  apart,  is  so  close 
that  the  individual  strata  of  the  sections  can  be  matched  bed  for  bed. 

The  only  marked  contrast  in  thickness  occurs  in  the  basal  white 
limestone  (D). 

HAKATAI  SHALE. 

The  name  of  the  Hakatai  shale  is  taken  from  Hakatai  Canvon, 
where  the  formation  is  typically  exposed. 

Section  of  Hakatai  shale. 

Ft      In. 

A.  Alternating  vermilion  arenaceoua  ahale  and  sandstone 78  1 

B.  Alternating  vermilion  aigillaceous  shale  and  sandstone 109  4 

C.  Bed  argillaceous  flhale 81  0 

D.  Blueslate 100  0 

E.  Blue  slate  and  quartzite 20  0 

F.  (Intrusive  diabase.) 

G.  Bed  and  blue  jasper 31  0 

H.  Sandy  quartzitic  jasper 52  0 

I.  Cliff-forming  jasper 17  6 

J.  Blue  slate  with  calcareous  band 18  0 

K.  Cliff-forming  jasper 73  0 

579    11 

Order  J  character ,  and  thickness  of  sttbdivisions  of  the  Hakatai  shale. 

Ft.    In. 

A.  Alternating  vermiUon  arenaceous  shale  and  sandstone 78    1 

B.  Alternating  vermiUon  argillaceous  shale  and  sandstone 109    4 

C.  Red  argillaceous  shale,  sun  cracked  throughout.    The  rock  is 

very  soft  and  forms  a  slope  together  with  the  underlying 
blueslate 81    0 

D.  Blue  slate,  forming  a  slope 100    0 

E.  Blue  slate  and  quartzite,  forming  a  cliff 20    0 

F.  At  this  horizon  is  intruded  a  sill  of  diabase  whose  thickness 

varies  from  650  feet  on  Shinumo  Canyon  to  950  feet  or  more 
in  Hakatai  Canyon. 

The  section  from  A  to  F  was  measured  in  a  traverse  up  the 
Shinumo,  starting  with  the  upper  contact  of  the  diabase 
sill. 

G.  Red  and  blue  jasper: 

1.  Red  and  black  banded  jasper 9    0 

2.  Banded  blue  jasper  with   curious  spots,  sun  cracked 

throughout 22    0 

31    0 

H.  Sandy  quartzitic  jasper: 

1.  Fine-grained  pink  sandy  jasper,  sun  cracked 11  0 

2.  Fine-grained  pink  quartzite 4  0 

3.  Pink  quartzitic  jasper 5  0 
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H.  Sandy  quartsitic  jasper— Gontinaed.                                        Ft  in. 

4.  Fme-grained  pink  quaitzite,  ripple  marked 1  0 

5.  Slaty-blue  spotted  jasper  with  sun  cracks 6  0 

6.  Fine-grained  pink  quartzite 4  0 

7.  Slaty-blue  spotted  jasper 12  0 

8.  Fine-grained  pink  quartzite,  ripple  marked 5  0 

9.  Slaty-blue  spotted  jasper 4  0 

52  0 

I.  Cliff-forming  jasper: 

1.  Dense,  hard  layer  of  blue-black  jasper  mottled  with  red 

spots,  having  a  soft,  slaty  layer  at  the  base  and  forming 

with  the  bed  below  a  strong  overhanging  cliff 3  6 

2.  Same  as  1,  without  soft  layer 14  0 

17  6 

J.  Calcareous  blue  slate: 

1.  Slaty-blue  jasper  with  small  red  spots 4  6 

2.  Pink  crystalline  limestone 1  6 

3.  Slaty  black  jasper,  sun  cracked  throughout 12  0 

18  0 

K.  Cliff-forming  jasper: 

1.  Dense,  hard  layer  of  blue-black  jasper,  showing  banded 

structure,  with  a  soft  layer  at  the  base 12  0 

2.  Sameasl 14  0 

8.  Same  general  character  as  2.  •  The  lower  2  feet  are  slaty 

and  weather  out,  giving  the  cliff  an  overhang 19  0 

4.  Dense,  hard  layer  of  blue-black  jasper,  mottled  with  red 

spots  and  showing  no  banding  in  ttie  masi,  forming  with 
the  three  layers  above  a  strong  perpendicular  cliff. 
This  is  the  nx>st  resistant  rock  in  the  Unkar  group. 
Where  the  under  surfece  shows  beneath  the  overhang 
of  the  cliff,  it  is  sun  cracked  on  a  large  scale  and  in 

several  generations 28  0 

73  0 

The  sandstone  in  series  A  is  white,  compact,  and  fine  grained.     It 

is  cross-bedded  and  ripple  marked  throughout.  The  imder  surface 
of  each  sandstone  layer  is  sun  cracked  where  it  rests  upon  the  are- 
naceous shale.  The  shale  is  vermilion  in  color,  soft,  and  very  sandy. 
Sim  cracks  occur  throughout. 

The  succession  is  as  follows: 

Ft.  in. 

1.  Sandstone 1  0 

2.  Arenaceous  shale 24  0 

3.  Sandstone 2  0 

4.  Arenaceous  shale 11  8 

6.  Sandstone 9  0 

6.  Arenaceous  shftle - 21  1 

7.  Sandstone w...^. *.*«.•.... 9  4 


I    ^ 
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The  alternations  in  series  B  are  remarkably  regular.  The  sand- 
stone is  white,  compact,  and  fine  grained  and  is  cross-bedded  and 
ripjtle  marked  throughout.  Tho  slialea  of  the  allcniating  beds  are 
very  soft  and  weather  out,  leaving  etched-out  bantU  between  the 
sandstones,  wluch  are  very  conspicuous  in  the  cliff  faces.  On  tlie 
under  surface  of  each  sandstone  layer  are  well-preserved  sun  cracks. 
The  shales  are  fine  grained,  fissile,  and  argillaceous. 

The  succession  in  this  alternating  aeries  is  as  follows: 

Order  and  Oiickna*  o/  bcdi  of  mmdilone  nTid  ihale  in  'frvn  B  of  Uaioitti  /onnanon,  « 

Ihicknaa  of  groiipit  of  brrb  rcprriimtinij  taeh  tandtUmcstuiU'  q/cU. 
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4             Average 7 

Thin  sections  were  cut  from  several  specimens  of  the  jaspers,  but 
they  were  unsatisfactory,  because  of  the  exceedingly  fine  grain  of  the 
rock,  Tho  highest  power  of  the  microscope  revealed  nothing  more 
than  an  impalpable  silicified  mud.  A  sUde  of  the  "quartzitic  jasper" 
showed  that  the  rock  was  a  somewhat  ai-kose  sandstone  indurated  to 
a  siliceous  quartzite,  composed  chiefly  of  small  rounded  quartz  grains 
about  which  secondary  silica  had  been  deposited,  lying  in  a  fine 
orkose  matrix  made  up  of  small  fragments  of  pink  feldspar.     A  thin 
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section  was  also  made  from  a  specimen  of  sandstone  taken  from  one 
of  the  layers  in  the  "alternating  argillaceous  shale  and  sandstone'' 
of  division  B.  The  rock  proved  to  consist  of  small,  well-rounded 
grains  of  quartz,  cemented  by  silica  in  the  form  of  secondary  quartz. 
It  is  a  pure,  fine-grained  sandstone. 

The  metamorphic  effects  produced  by  the  diabase  sill  intruded  at 
the  horizon  F  are  seen  in  the  section  marked  "  I."  This  metamorphic 
action  produces  induration  by  silicification,  forming  jaspers;  indura- 
tion by  baking,  forming  slates;  decoloration,  red  changing  to  blue 
and  black. 

In  the  summary  of  the  features  of  the  Bass  limestone  it  was  noted 
that  the  shales  became  successively  slates  and  jaspers  above,  while 
their  color  changed  from  red  to  blue.  In  division  I  of  the  Hakatai 
formation  the  shales  are  represented  entirely  by  jaspers  and  quartz- 
ites.  (See  PI.  XIV,  B,  p.  64.)  Just  below  the  contact,  at  the  top 
of  division  G,  the  induration  is  very  great,  and  the  jaspers  are  tough 
and  vitreous;  their  prevailing  color  is  blue  or  black.  Above  the  con- 
tact the  overlying  rocks  are  hard  blue  slates  for  20  feet,  succeeded  by 
100  feet  of  less  indurated  slate,  grading  up  into  the  original  red  shale. 

The  metamorphic  effects  above  and  below  the  contact  differ  in 
intensity  as  well  as  in  kind;  above  the  contact  the  induration  and 
decoloration  characterize  only  about  100  feet  of  strata;  below  the 
contact  they  extend  through  300  feet.  Above  the  contact  the  strata 
have  been  baked  and  decolored  only,  the  red  shale  changing  to  a  blue 
slate;  below  the  contact  considerable  silica  has  been  added,  trans- 
forming  the  red  shales  to  blue  and  black  jaspers;  added  to  this  are  the 
effects  of  baking  and  decoloration. 

The  Hakatai  formation  is  characterized  by  argillaceous  shales  in 
its  lower  portion,  which  grade  upward  into  arenaceous  shales  and 
sandstones  through  the  interesting  series  of  alternations  described  in 
division  B.  Nearly  every  stratum  in  the  formation  bears  marks  of 
shallow-water  origin — sun  cracks,  ripple  marks,  or  cross  bedding. 

8HINUKO  QUARTZTTE. 

The  following  section  of  the  Shinimio  quartzite  was  made  in  the 
canyon  of  Shinumo  Creek  (see  Pis.  VIII,  Aj  p.  28,  and  XII,  B), 
whence  the  name  of  the  formation  is  derived: 

Section  of  Shinumo  quartzite  in  Shinumo^  Canyon, 

A.  Irregularly  bedded  sandstone:  Feet. 

1.  Croes-bedded  green  sandstone .-...  21 

2.  Banded  purple  sandstonee 20 

3.  "Curiously  twisted  and  gnazled.layen'*  il.fliippilnfMl' 

white  sandstone  containing  liiig»  nA  ^fMMMj^fll^illl^^ 

and  elliptical  form.    The  v^ppm  V^^litttttlKKtiltlUk&i**''- 

more  maadve.    Tha  tmkt/i^^ 

•eema  to  have  been  a 
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Feet 

depoflition  and  suggests  that  the  original  sand  was 

moist  and  plastic  and  once  flowed  by  rolling  over  and 

over  in  the  form  of  a  quicksand 105 

(A  bed  of  this  character  is  described  by  Walcott  in  his 
section  in  Unkar  Valley.  (Walcott,  Fourteenth  Ann. 
Bept.  U.  S.  Geol.  Survey,  p.  611.)  It  occurs  at  the 
same  horizon  as  the  bed  described  above  and  contains 
the  same  red  spots.) 

B.  Banded  white  quartzite 20 

G.  Compact  cliff-forming  white  quartzite  of  the  same  character 

as  G  below,  though  not  so  massive  in  structure 250 

D.  Fine-grained  purple  sandstone  with  a  white  band  in  the 
middle.  The  white  band  is  constant  and  is  a  conspicu- 
ous feature  by  which  this  sandstone  can  be  distinguished 
at  a  distance  of  several  miles.  The  rock  is  cross  bedded 
and  in  some  places  displays  a   "twisted  and  gnarled" 

structure 150 

£.  Banded  white  quartzite,  stained  magenta  on  the  exposures 

and  forming  a  cliff 120 

F.  Purple-brown  fine-grained   sandstone   containing  lenses  of 

conglomerate  and  thin  beds  of  shale 353 

G.  Compact  white  quartzite  of  fine  and  uniform  grain,  display- 

ing a  faint  cross-bedded  structure.  This  quartzite  is  the 
most  resistant  rock  in  the  formation.  It  is  exposed  every- 
where in  one  massive  perpendicular  cliff  face,  which  does 
not  display  the  slightest  break  except  where  it  is  cut 
by  faults.  Wherever  its  base  rests  upon  a  shaly  lens  its 
under  surface  displays  well-preserved  mud  cracks.  The 
face  of  the  cliff  is  stained  magenta  by  the  ferruginous 
cement  that  washes  down  from  the  shale  lenses  in  the  over- 
lying sandstones 119 

H.  Purple-brown  sandstone  of  fine  grain  containing  in  some 
places  an  occasional  lens  of  fine  conglomerate  and  a  thin 
local  bed  of  red  or  purple  shale.   Cross  bedded  throughout. .        406 

1,564 

An  examination  of  slides  cut  from  several  specimens  of  the  sand- 
stones and  quartzites  showed  that  they  consist  of  small  roimded 
quartz  grains,  few  of  which  exceed  0.7  millimeter  in  diameter.  This 
extreme  fineness  and  roundness  of  the  grains,  as  well  as  the  cleanness 
of  the  sorting,  is  remarkable.  The  cement  is  generally  siliceous,  in 
places  slightly  ferruginous.  A  slide  made  from  a  specimen  taken 
from  one  of  the  small  conglomerate  lensea  in  division  H  showed  that 
the  rock  consisted  of  small  rounded  quartz  pebbles  lying  in  a  fine 
arkose  matrix,  and  disclosed  also  occasional  large  angular  fragments 
of  orthoclase  and  microcline. 

The  Shinumo  quartzite  (PI.  XII,  A)  is  the  most  resistant  rock  in 
the  Grand  Canyon  series,  its  beds  forming  the  Algonkian  monadnocks, 
which  appear  in  all  parts  of  the  Grand  Canyon.  In  the  canyons  that 
are  cut  across  the  strike  of  the  strata,  such  as  the  deep  canyons  of  the 
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ShinumOy  these  beds  stand  in  great  plunging  cliffs  (Pis.  YIII,  A, 
p.  28,  and  XII,  B). 

The  Shlnumo  quartzite  includes  great  thicknesses  of  pure,  fine- 
grained, uniform  sandstone.  All  its  beds  are  very  resistant  and  form 
cliffs,  and  many  of  them  show  ripple  marks  and  cross  bedding. 

DOX  8ANB8TONB. 

The  name  Dox  sandstone  is  derived  from  Dox  Castle,  underneath 
which  a  typical  section  is  found  beneath  the  formations  of  the  Tonto 
group,  which  make  the  castle.  The  following  section  Was  measured 
on  the  west  side  of  the  canyon  of  Shinumo  Creek  (PI.  XIII,  B) : 

Section  of  Dox  tandiUme  in  Shinumo  Canyon. 

Feet. 

A.  Red  and  vennilion  micaceoua  ahaly  eandstonee,  cross  bedded 

and  ripple  marked,  with  arenaceous  and  argillaceous  shaly 
partings,  which  display  well-preserved  mud  cracks.  The 
shaly  partings  are  either  green  or  red 1, 197 

B.  Gray-green,  pinkish-green,  and  brown  micaceous  shaly  sand- 

stones, cross  bedded  and  ripple  marked,  varying  in  char- 
acter only  through  gradations  in  color.  Many  arenaceous 
and  argillaceous  shaly  partings  occur,  causing  the  rock  to 
weather  like  a  soft  sandy  shale.  Most  of  the  shale  part- 
ings are  green.  Some  of  the  sandy  layers  near  the  base 
show  a  "gnarled  and  twisted  structure " 1, 100 


2,297 

The  beds  above  the  top  of  this  section  have  been  removed  by  ero- 
sion, the  top  of  the  highest  bed  of  division  A  marking  the  plane  of 
the  pre-Tonto  unconformity.  The  highest  beds  of  this  division  lie  at 
the  upper  end  of  the  dry  wash  that  joins  the  canyon  of  Shinumo  Creek 
from  the  north  just  below  the  mouth  of  White  Creek.  The  beds  are 
dragged  up  against  the  Vishnu  schist  by  the  great  pre-Cambrian 
fault,  and  the  whole  series  is  overlain  by  the  basal  (Tapeats)  sand- 
stone of  the  Tonto  group.     (See  PL  I,  sections,  in  pocket.) 

The  Dox  sandstone  may  be  summarized  as  a  series  of  micaceous 
shaly  sandstones  of  imiform  character,  varying  onlv  in  color  and  bear- 
ing marks  of  shallow-water  origm  throughout. 

COMPARISON  WITH  TYPE  SECTION  IN   UNKAR  VALLEY. 

A  comparison  of  the  above  section  of  the  Unkar  group  with  that 
described  by  Walcott  *  in  the  type  locality,  30  miles  to  the  east, 
reveals  the  fact  that  the  two  sections  correspond  closely  in  thickness 
and  in  lithologic  succession;  only  in  their  lower  parts  do  they  differ 
materially.  The  type  section  in  Unkar  Valley  is  characterized  by  a 
greater  thickness  ot  the  basal  oonglnijMrata  and  bj  only  a  third  as 


>  Waloott,  C.  D.,  Pi»CMArin  iPMH.vpiMHHflHnHilflMiliOavw  oC  tht  Colondo, 
Ariiooft:  U.  8.  OtoL  Burfij 
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much  limestone  in  the  members  that  correspond  to  the  Bass  lime- 
stone; the  deficiency  in  limestone  is  made  up  by  a  greater  thickness 
of  arenaceous  and  argillaceous  shales.  The  beds  farther  up  in  the 
section,  in  that  division  of  Walcott's  section  which  corresponds  to 
the  Ilakatai  shale,  contain  a  greater  proportion  of  sand.  The  suc- 
ceeding members  correspond  closely  in  character  and  thickness  even 
to  the  minor  divisions,  an  example  being  the  "gnarled  and  twisted 
layers''  previously  cited. 

The  writer  had  the  privilege  of  examining  Mr.  Walcott's  field  speci- 
mens in  the  National  Museum  at  Washington  and  was  particularly 
impressed  by  their  absolute  lithologic  identity  with  the  series  col- 
lected by  himself  from  corresponding  horizons  on  Shinumo  Creek. 
The  two  series  of  specimens,  those  of  rocks  altered  by  local  meta- 
morphic  phenomena,  might  have  come  from  the  same  locality. 

AGE   AND  CORRELATION   OF  THE   GRAND   CANYON   SERIES. 

By  the  usage  of  the  United  States  Geological  Survey  the  Grand 
Canyon  series  is  referred  to  the  Algonkian  system.  It  has  been  ten- 
tatively correlated  with  the  Keweenawan  series  of  the  Lake  Superior 
region  by  Walcott,^  and  according  to  Darton  ^  it  may  also  be  corre- 
lated with  a  series  of  Algonkian  rocks  that  occur  in  the  Fort  Apache 
region  in  Arizona. 

During  the  summer  of  1909  the  writer  had  the  opportunity  of 
studying  the  rocks  of  the  San  Juan  Mountains  in  southwestern  Colo- 
rado, under  the  direction  of  Mr.  Whitman  Cross,  and  was  particu- 
larly impressed  with  the  similarity  of  the  Needle  Mountains  group 
(Algonkian)  to  the  Grand  Canyon  series,  botli  in  stratigraphic  position 
and  general  litholog}\'  Like  the  Grand  Canyon  series,  the  Needle 
Mountains  group  (consisting  of  the  Vallccito  conglomerate  below  and 
the  Uncompahgre  formation,  composed  of  quartzites  and  slates, 
above)  rests  unconformably  upon  a  very  old  mctamorphic  complex 
and  is  likewise  separated  from  an  overlying  Cambrian  sandstone  by 
a  great  angular  unconformity  which  represents  a  base-leveled  surface 
of  erosion  and  truncates  the  j)re-Cambrian  structure  as  completely  as 
does  the  pre-Tonto  unconformity  in  the  Grand  Canyon  region.  The 
basal  Cambrian  sandstone  of  the  San  Juan  region  is  similar  in  every 
respect  to  the  basal  (Tapeats)  sandstone  of  the  Tonto  group  and 
should  doubtless  be  correlated  with  that  formation.  Lithologically 
the  Needle  Mountains  group  resembles  the  Grand.  Canyon  series  in 
the  great  amount  of  cross-bedded  quartzitic  sandstone  it  includes, 
but  it  differs  from  the  Grand  (^anyon  series  in  containing  a  great 
thickness  of  coarse  conglomerate  in  its  basal  part  and  in  exhibiting 

1  Walcott,  (\  I).,  rre-Tambriiui  ijmooiis  rocks  of  the  I'nkar  terrains  Grand  Canyon  of  the  Colorado:  U.  8, 
Geol.  Survey  Fourteenth  Ann.  Rept.,  pt.  2.  p.  51S,  ISIM. 

*  Darton,  N.  H.,  A  reconnaissance  of  parts  of  northwestern  New  Mexico  and  northern  Arizona:  U.  S, 
Cieol.  Survey  Bull.  435, 1010. 

'Cross,  Whitman,  U.  S.  (ieol.  Survey  Geol.  Atlas,  Needle  Mountains  folio  (No.  131),  1906. 
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metamorphism  by  pressure,  whereas  the  Grand  Canyon  series  is 
onaltered.  In  the  opinion  of  the  writer  there  is  little  doubt  that  the 
Needle  Mountains  group  is  the  correlative  of  the  Grand  Canyon  aeries. 

IHTBTtSIVX  DIABABI  AB800UTXD  WITH  TBS  tTHSAB  OBOVP. 


The  <liabaso  in  the  Shinumo  quadrangle  occurs  in  the  form  of 
intrusive  sheets,  or  sills,  which  lie  between  the  beds  of  the  Unkar 
group. 

In  the  uppermost  part  of  division  A  of  the  Dox  san<lstonc  are  four 
thin  sills  of  diabase,  the  largest  less  than  25  feet  thick,  which  are 
extremely  rotten,  weathering  green  and  crumbling  to  small  frag- 
ments. They  occur  between  vermilion  beds  of  sandstone  and  shale, 
and  their  intrusive  character  is  shown  by  the  fact  that  the  vermilion 
beds  are  baked  and  decolorized  for  a  few  inches  above  and  below  the 
diabase,  the  vermilion  color  having  been  changed  to  purple.  Tho 
diabase  of  these  sills  Ls  too  mucli  weathered  to  permit  an  exact  petro- 
graphic  determination  of  its  charm-ter  in  a  thin  section. 

The  greater  part  of  tho  diabase  forms  a  single  mass,  which  occurs 
at  three  or  raoro  stratigraphic  horizons  in  the  sediments  of  the  Unkar 
group  indifferent  parts  of  the  quadrangle.  (See  Pis.  XIII,  A,  XIV,  A 
and  B,  and  XVIII,  p.  86.)  In  Hakatai  Canyon,  3  miles  west  of  Shin- 
umo  Creek,  it  lies  within  the  Bass  limestone.  On  the  east  side  of  Ha- 
katai  Canyon  it  rises  out  of  the  Bass  limestone  and  enters  the  Ilakatai 
shale,  breaking  clean  across  the  edges  of  tho  intervening  strata. 
Most  of  the  lower  and  part  of  the  upper  contact  of  the  eruptive  rock 
are  clearly  displayed  in  the  walk  of  this  canyon.  Between  the 
exposures  in  Hakatai  Canyon  and  the  main  exposures  of  the  Unkar 
group  about  the  mouth  of  Shinumo  Creek  the  pre-Cambrian  structure 
is  hidden  beneath  the  basal  (Tnpeafs)  sandstone  of  the  Tonto  plat- 
form. In  all  the  region  about  tho  mouth  of  Shinumo  Creek  the 
diabase  hes  withiJi  the  Hakatai  shale  at  a  horizon  400  feet  above  that 
at  which  it  occurs  in  the  Bass  limestone  in  Hakatai  Canyon.  (See 
Pis.  XIII,  A,  and  XIV,  A  and  B.)  East  of  Hotauta  Canyon,  on 
the  Colorado,  the  Unkar  structure  is  again  hidden  beneath  the  Tonto 
platform,  hut  about  3  miles  up  the  river  from  Hotauta  Canyon 
email  outcrops  of  the  basal  formations  of  tho  Unkar  group  arc  again 
exposed  in  the  intercanyon  valleys  on  both  sides  of  the  river,  whore 
the  lower  contact  of  the  diabase  lies  just  at  tho  summit  of  division 
B  of  the  Bass  limeetone. 

So  much  of  the  exposed  portion  of  the  sill  is  traversed  by  faults 
thnt  he  parallel  to  the  strike  of  the  strata  that  it  is  impossible  to 
measure  it  exactly.  lis  tliicknes-s  reaches  a  maxiinum  of  about 
1,000  feet  tftrtftr^lPB^^*^  ^  *^^  nakstai  Canyon  and  decreases 
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Megascopic  features . — Fresh  specimens  typical  of  the  greater  part 
of  the  mass  show  that  the  diabase  is  a  tough,  heavy,  holocrystalline 
rock  of  medium  to  coarse  grain  and  of  gray  color.  The  minerals 
visible  to  the  unaided  eye  are  plagioclase,  olivine,  augite,  and  an 
occasional  grain  of  magnetite.  Although  the  olivine  exceeds  the 
augite  in  amount,  it  is  less  conspicuous  to  the  eye.  Aside  from  a 
somewhat  waxy  luster  of  the  feldspars  the  rock  is  remarkably  fresh. 
The  weathered  surface  has  a  characteristic  warty  appearance, 
imparted  by  the  presence  of  lumps  or  balls  which  are  more  resistant 
than  the  mass  of  the  rock  and  of  coarser  grain  and  different  texture. 
These  lumps  and  balls  consist  of  coarse  ophitic  intergrowths  of  augite 
and  pla^oclase.  The  diabase  weathers  by  mechanical  disintegration 
to  a  greenish-olive  sand,  in  which  lie  innumerable  lumpy  kernels  of 
all  sizes  derived  from  the  ophitic  masses  described  above.  The  rock 
has  no  typical  columnar  structure,  but  generally  displays  a  rough 
vertical  jointing,  such  as  is  characteristic  of  granite. 

Microscopic  features. — The  slides  examined  show  that  the  typical 
rock  consists  primarily  of  plagioclase  feldspar  (near  labradorite)  and 
olivine  in  about  equal  amounts,  a  subordinate  quantity  of  augite  and 
brown  biotite,  and  very  little  magnetite.  The  feldspar  is  somewhat 
altered;  but  all  the  other  minerals  are  fresh.  The  olivine  occurs 
characteristically  in  rather  large  rounded  crystals  of  automorphic 
habit.  The  augite  is  confined  chiefly  to  the  globular  masses,  which 
weather  out  as  lumps  and  kernels,  and  does  not  characterize  the  rock 
as  a  whole.  Slides  cut  from  these  kernels  show  that  they  are  com- 
posed entirely  of  augite  and  feldspar.  The  augite  is  inclosed  within 
the  feldspar,  displaying  fine  examples  of  ophitic  texture.  Several  of 
the  magnetite  crystals  have  rims  of  brown  biotite.  The  small  amount 
of  magnetite  is  rather  remarkable,  and  it  seems  likely  on  this  account 
that  the  oUvine  is  rich  in  magnesia.  Because  of  the  predominance 
of  olivine  and  plagioclase  in  the  greater  part  of  the  rock,  the  diabase 
is  classified  as  an  olivine  diabase  with  a  troctolitic  aspect. 


VARIATIONS  IK  CHARACTER. 


All  parts  of  the  mass  are  subject  to  variations  in  texture  and  com- 
position toward  a  coarser  grain.  These  variations  are  of  two  types. 
The  first  type  occurs  in  the  ophitic  intergrowths  of  augite  and  plagi- 
oclase of  the  lumps  and  balls  described  above,  and  is  a  segregation 
phenomenon  characterizing  the  mass  as  a  whole.  In  some  places 
this  texture  becomes  very  coarse,  the  separate  crystals  of  augite  or 
plagioclase  being  an  inch  in  length.  The  second  type  occurs  in 
typical  pegmatite  dikes,  which  cut  the  diabase  in  many  places  and 
vary  in  width  from  a  few  inches  to  several  feet.    The  minerals  are 
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plaglodase  and  ai^te  and  the  texture  is  usually,  but  not  mvariably, 
ophitia.  In  some  of  these  dikes  crratala  of  pla^oelase  exceeding  3 
inches  in  length  were  observed. 

The  contact  facies  of  the  diabase  are  in  places  fine  gruned  or 
glassy,  but  for  only  a  few  inches  from  the  contact.  The  slides  typical 
of  this  zone  reve&l  a  hyalopilitic  arrangement  of  glass,  with  skeleton 
crystals  of  magnetite  between  much  altered  crystals  of  feldspar. 

For  about  half  a  mile  east  and  half  ^  mile  west  of  the  canyon  of 
Shinumo  Creek  a  pink  holociyst&lline  rock  of  medium  grain  occurs 
in  ihe  upper  part  of  the  diabase  sill  along  the  upper  contact.  Its 
contact  with  the  overlying  blue  slates  is  sharp  and  well  defined,  and 
it  appears  to  grade  downward  into  the  normal  diabase,  no  definite 
line  of  contact  having  been  anywhere  observed. 

A  slide  cut  from  a  specimen  taken  from  the  middle  of  a  pink  mass 
of  the  mil  showed  that  it  is  a  granular  rock  of  medium  texture,  con- 
sistii^  of  rather  fresh  crystals  of  orthoclase,  with  subordinate  quartz 
and  a  somewhat  altered  ferromi^esian  mineral,  which  appeared  to 
haTe  been  originally  a  hombloide.  Some  of  the  quartz  displayed  a 
micrc^raphic  arrangement  within  the  feldspar.  The  rock  is  a  typ- 
ical hornblende  syenite  and  is  apparently  an  interesting  example  of 
differentiation  in  place  within  the  diabase  sill. 

In  Hakatai  Canyoa  both  the  lower  and  upper  eruptive  contacts  of 
the  diabase  are  ragged  and  considerably  injected.  Many  small  dikes 
penetrate  the  country  rock  from  the  main  mass.  They  are  glassy  in 
texture  and  greatly  altered. 

Ransome  *  describes  a  diabase  of  post-Carboniferous  age  occurring 
in  thick  sills  in  the  pre-Carboniferoua  sedimentary  rocks  in  the  Globe 
Copper  district  in  Arizona.  This  diabase  closely  resembles  the  Algon- 
kian  diabase  described  above  both  in  mineralogic  character  and  in 
the  presence  of  the  ophitic  balls  of  plagioclase  and  augite.  The 
analogy  is  made  the  more  striking  by  the  fact  that  several  small 
masses  of  pink  hornblende  syenite  are  described  as  o<TU[Ting  within 
.  the  diabase  sills  of  the  Globe  district,  possibly  as  s^rregfttions  within 
the  diabasic  m^^a. 

CONTACT  HBTAMOBFBISH. 

As  the  diabase  ull  occupies  different  horizons  in  the  XJnkar  group 
in  the  canyon  of  Shinumo  Creek  and  in  Hakatai  Canyon,  and  as  the 
strata  between  which  the  sill  is  intruded  in  Shinumo  Canyon  lie  in 
undisturbed  sedimentary  contact  in  Pftlr«-«»i  Canyon,  and  vice  versa, 
the  effects  of  .the  intnimon  oh  tibe  invaded  itrata  can  be  easily  noted. 

The  contact  effect  upon  the  shales  that  Ue  ai>ove  and  betow  the 
diabase  along  Shinumo  Creek  hits  already  been  described  in  the 
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detailed  section  of  the  Unkar  group,  where  the  shales  were  shown  to 
be  altered  to  jaspers  by  baking  and  silicification  (PL  XIV,  B).  The 
intensity  of  metamorphic  action  was  much  greater  below  the  sill 
than  above,  extending  through  300  feet  of  strata  below  the  lower 
contact  and  through  only  100  feet  above  the  upper  contact.  In 
Hakatai  Canyon  these  rocks  lie  in  undisturbed  sedimentary  contact 
and  are  there  unaltered  red  shales. 

The  contact  effect  on  the  limestones  can  be  studied  in  HakatAi 
Canyon,  where  the  diabase  sill  lies  intruded  within  them.  Imme- 
diately below  the  lower  contact  of  the  diabase,  which  is  sharp  and 
well  defined,  is  a  thin  layer  of  green  serpentine.  Below  lie  layers  of 
pure  crystalline  limestone  (dolomite)  alternating  with  similar  layers 
containing  bands  and  nodules  of  serpentine.  Within  one  of  the 
layers  containing  the  bands  and  nodules  of  serpentine  are  cross-fiber 
veins  of  golden-yellow  chrysotile  asbestos,  which  are  parallel  in  gen- 
eral trend  to  the  bedding  of  the  limestone.  These  limestones  are 
the  layers  at  the  base  of  division  B  of  the  Bass  limestone.  They 
overlie  the  red  shales  of  division  C,  which  are  here  baked  to  blue 
slates. 

The  following  section,  including  a  part  of  the  Bass  limestone 
beneath  the  lower  contact  of  the  diabase  near  the  tunnel  of  the 
Asbestos  mine  in  Hakatai  Canyon,  shows  effect  of  local  metamor- 
phism  in  the  strata.  The  numbers  of  the  beds  correspond  (so  far  as 
the  beds  can  be  identified)  to  the  numbers  used  in  the  detailed  sec- 
tion of  the  Unkar  group  (pp.  40-53).  The  printed  section  represents 
the  natural  order,  B,  24,  25,  being  at  the  top. 

Section  of  part  of  the  Bass  limestone  beneath  diabase  sill  at  the  Asbestos  mine  in  Hakatai 

Canyon. 

Ft.       In. 

Diabase  sill l,000zt 

B,  24,  25.  Layer  of  green  serpentine 2 

Pure  white  crystalline  limestone 1        6 

White    crystalline    limestone,    with    bands    and 

nodules  of  serpentine 2 

Serpentinous  nodular  and  banded  layer  carrying 

veins  of  asbestos ^ . .  1 

Banded  crystalline  limestone,   with  bands  and 

nodules  of  serpentine 10 

B,  26,  27.  Nodular  cherty  limestone 4 

C,  1.  Soft  blue  slate 3 

C,  2.  Dense  purple  calcareous  slate 9 

ASBESTOS. 

Occurrence, — The  limestones  above  the  upper  contact  of  the  dia- 
base contain  several  alternating  layers  of  green  serpentine  and 
narrow  veins  of  asbestos,  which  occur  at  several  horizons  near  the 
contact. 
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The  geologic  occurrence  of  the  asbestos  is  fully  described  by 
Diller.^  A  microscopic  study  was  made  of  25  thin  sections  cut 
from  the  limestones,  the  bands  and  nodules  of  serpentine,  and  the 
veins  of  asbestos.  Aside  from  the  serpentine  and  asbestos  no  other 
minerals  were  revealed  in  the  limestones  than  the  dolomitic  calcite 
and  interlocking  grains  of  quartz  in  the  slides  cut  from  the  lime- 
stones of  the  same  horizon  in  the  section  in  Hotauta  Canyon^  where 
the  same  strata  he  in  undisturbed  sedimentary  contact.  The 
limestones  have  the  texture  of  marble.  The  serpentine  of  the  bands 
and  nodules  shows  no  trace  of  alteration  in  structure  due  to  deriva- 
tion  from  pyroxene^  hornblende,  or  olivine.  The  slides  cut  across 
the  veins  of  asbestos  showed  that  they  are  later  than  the  serpentine 
in  which  they  are  generally  inclosed.  A  great  number  of  micro- 
scopic veins  of  asbestos  were  revealed  in  some  of  the  slides  where 
their  presence  was  unsuspected.  Some  of  these  veins  cut  across 
both  the  sepentine  and  the  limestone  in  the  same  slide. 

The  asbestos  in  the  larger  veins  is  of  high  grade  and  is  said  by 
Diller  to  be  the  best  yet  found  in  the  United  States.^  Locally  its 
cross  fiber  is  4  inches  in  length  and  is  of  great  tensile  strength.  The 
larger  veins,  so  far  as  known,  are  confined  to  the  limestones  that  he 
beneath  the  diabase  sill,  the  veins  above  the  sill,  though  more  widely 
distributed  through  the  limestones,  being  generally  smaller.  The 
veins  below  the  sill  are  not  abpolutely  constant  in  stratigraphic 
position;  they  may  lie  anywhere  from  3  to  15  feet  below  the  contact. 
The  width  of  these  veins  varies  greatly  from  place  to  place,  so  that 
a  vein  that  is  3  inches  wide  in  one  locality  may  be  represented  by  a 
zone  of  innumerable  small  veins  in  another,  but  the  actual  continuity 
of  the  zone  that  carries  the  asbestos  is  rarely  broken. 

Origin. — The  Umestones  contain  serpentine  and  asbestos  only 
where  the  strata  are  invaded  by  the  diabase  sill;  the  shales  that  are 
invaded  by  the  diabase  do  not  contain  these  minerals,  which  in  no 
place  in  the  area  occur  within  the  diabase  itself.  They  are  therefore 
a  product  of  the  contact  metamorphism  of  the  limestones  by  tlic 
diabase,  and,  as  Diller  suggests,'  the  serpentine  that  incloses  the 
veins  of  asbestos  is  probably  derived  from  some  mineral  in  the 
limestones  and  not  from  the  diabase.  The  limestones  themselves 
are  magnesian  and  contain  bands  and  nodules  of  chert.  In  another 
part  of  the  area  the  shales  in  contact  with  the  diabase  were  converted 
to  jaspers,  the  change  indicating  that  the  fumarolic  action  accom- 
panying the  injection  of  the  diabasic  magma  was  characterized  by 
aqueous  and  probably  siliceous  emanations  and  was  fairly  intense. 

imo. 

•  DiUtr,  J.  8.,  U.  8.  QmL  Bomj MtaMl a&HMM||.IM^ pLt,p.nB,  MOB. 

*  DIOm,  J.  8.,  loo.'elt. 
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The  fumarolic  action  on  the  magnesian  limestones  may  have  con- 
verted their  more  siliceous  portions  into  serpentine.  The  occur- 
rence of  the  asbestos  in  veins  that  cut  across  both  the  nodules  of 
serpentine  and  the  limestones  shows  that  the  cross-fiber  asbestos 
was  formed  somewhat  later  in  the  sequence  of  events  attending  the 
fumarolic  action. 

▲GS  OP  THE  DIABA8B. 

The  sills  of  diabase  are  displaced  by  the  faults  of  the  wedge  in  the 
same  manner  as  the  inclosing  strata,  the  invasions  having  evidently 
occurred  before  the  faulting.  (See  PL  I,  sections,  in  pocket.)  The  dia- 
base of  the  Shinumo  quadrangle  is  closely  related  in  chemical  and  min- 
eral composition  to  the  basalt  of  the  lava  flows  described  by  Iddings/ 
which  are  interbedded  with  the  sediments  of  the  upper  part  of  the 
Unkar  group  in  the  type  section  in  Unkar  Valley.  As  the  diabase 
lies  at  a  much  lower  horizon  than  the  lava  flows,  it  is  probably  an 
intrusive  rock  of  the  same  cycle  of  igneous  activity,  the  sills  and 
flows  being  probably  contemporaneous. 

PALEOZOIC  ROCKS. 
BBSULTS  OF  PBB VIOITS  WORK  IK  THB  BBOION. 

In  a  large  and  general  way  the  distribution  and  broader  character 
of  the  Paleozoic  rocks  of  the  Grand  Canyon  are  familiar  to  every 
geologist  through  the  writings  of  Newberry,  Ives,  Powell,  Gilbert, 
Button,  and  Walcott.^  A  thorough  analysis  of  their  topographic 
and  scenic  expression  in  the  canyon  has  been  made  by  Davis.^ 

The  details  of  the  stratigraphy,  however,  are  not  yet  known.  Sec- 
tions have  been  made  at  several  widely  separated  places  in  the  can- 
yon wall — in  the  eastern  part  of  the  Kaibab  division,  by  Walcott  and 
by  Freeh;  at  Kanab  Canyon,  in  the  Kanab  division,  by  Walcott; 
and  at  Diamond  Creek  and  at  the  Grand  Wash,  in  the  Shivwits  divi- 
sion, by  Gilbert.'  A  recent  report  by  Darton '  gives  a  compilation 
of  these  sections  and  some  additional  data  collected  by  himself  at 
many  points  in  the  region.  In  all  these  sections  and  in  this  report 
certain  groups  of  strata,  particularly  the  Tonto,  are  given  in  detail, 
but  no  single  section  includes  all  the  beds  of  all  the  groups  in  the 
Paleozoic  rocks  at  any  one  place.  A  close  and  accurate  compari- 
son and  correlation  of  the  thickness  and  character  of  the  Paleozoic 
formations  from  place  to  place  in  the  Grand  Canyon  must  therefore 
depend  on  the  results  of  future  detailed  work  at  many  points. 

1  Walcott,  C.  D.,  Pre-Cambrian  igneous  rocks  of  the  Unkar  terrane,  Grand  Canyon  of  the  Colorado,  Arl- 
sona,  with  notes  on  the  petrographic  character  of  the  lavas,  by  J.  P.  Iddlngs:  U.  S.  Qeol.  Surrey  Four* 
teenth  Ann.  Rept.,  pt.  2,  pp.  520  et  seq.,  1894. 

•See  Bibliography,  pp.  13-15. 
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GBMBBAIi  BUOOBSSIGN  OF  THB  PAUBOZOIO  BOCKS. 

At  the  base  of  the  Paleozoic  is  the  Tonto  group,  of  Cambrian  age. 
This  group  is  divisible  into  three  formations.  At  the  base,  resting 
in  some  places  upon  Archean  and  in  other  places  upon  Algonkian 
rocks,  is  the  Tapeats  sandstone.  Overlying  the  sandstone  is  the 
Bright  Angel  shale,  containing  Middle  Cambrian  fossils.  The  highest 
formation  of  the  group  is  the  Muav  limestone.  No  representatives 
of  the  Ordovician,  Silxirian,  or  Devonian  were  discriminated  in  the 
area  studied,  the  Muav  limestone  being  succeeded  without  apparent 
stratigraphic  break  by  the  Redwall  limestone,  of  Carboniferous  age. 
The  Redwall  limestone  is  overlain  by  the  Aubrey  group,  which  is  also 
of  Carboniferous  age,  and  is  divisible  into  three  formations.  At  the 
base  of  the  Aubrey  group  is  the  Supai  formation  composed  of  sand- 
stone and  shale,  which  is  in  turn  overlain  by  the  Coconino  sandstone. 
The  highest  formation  of  the  group,  and  likewise  of  the  Paleozoic  in 
the  quadrangle,  is  the  Kaibab  limestone,  containing  a  Pennsylvanian 
fauna.     (See  PI.  XVHI,  p.  86.) 

OAHBBIAN  SYSTEM. 

TONTO  GROUP. 

TAPBATS  SANDflTONB. 

The  Tapeats  sandstone  rests  upon  an  eroded  surface  which  bevels 
the  upturned  and  trimcated  edges  of  the  Vishnu  schist  and  Grand 
Canyon  series.  This  xmconformity  is  in  plain  view  in  the  walls  of 
the  Granite  Goi^e  throughout  the  entire  Kaibab  division  of  the 
canyon  and  is  probably  the  clearest  and  most  spectacular  illustration 
of  such  a  geologic  featiu*e  in  the  world.  Except  in  localities  where 
remnants  of  Algonkian  strata  are  preserved,  the  Tapeats  sandstone 
in  this  division  everywhere  rests  upon  Archean  rocks,  yet  we  know 
from  the  record  in  the  Vishnu  quadrangle  that  at  least  12,000  feet  of 
Algonkian  strata  was  deposited  horizontally  upon  the  Archean  and 
that  these  Algonkian  rocks  were  profoimdly  tilted  and  faulted  before 
they  were  eroded  away.  So  vast  was  the  erosion  that  all  but  a  few 
remnants  of  Algonkian  strata  were  removed  and  the  Archean  rocks 
make  the  greater  part  of  the  floor  on  which  the  Tapeats  sandstone 
was  laid  down.  This  floor,  like  that  upon  which  the  basal  strata  of 
the  Unkar  group  were  deposited,  represents  a  surface  base-leveled 
by  erosion.  This  surface  was  not  nearly  so  even  as  that  represented 
by  the  more  ancient  pre-Unkar  unconformity,  yet  it  formed  a  com- 
paratively level  plain.  Here  and  there  a  knob  of  more  resistant 
Archean  rock  projects  into  the  Tapeats  sandstonMMi^ttMmadnock 
amphitheater  the  rocks  of  the  Unkir  injMHjHHHjjHHttj^  leet 
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above  the  base  of  the  sandstone,  aknost  cutting  out  the  overlying 
Bright  Angel  shale,  but  the  relief  of  even  these  exceptional  projec- 
tions is  small  in  comparison  with  the  horizontal  extent  of  the  floon 

The  name  Tapeats  sandstone  is  derived  from  Tapeats  Creek,  below 
the  mouth  of  which,  just  north  of  the  Shinimio  quadrangle,  the  bed 
of  the  Colorado  River  lies  within  this  formation. 

The  Tapeats  sandstone  shows  little  variation  in  lithologic  charac- 
ter in  the  Kaibab  division.  The  following  is  a  typical  section  in  the 
Shinumo  quadrangle  (reading  from  the  top  downward,  A  being  the 
top  bed,  imderlain  by  B  and  C) : 

Section  of  Tapeats  tandsUme. 

Feet. 

A.  White  cross-bedded  sandstone  containiiig  " Scolithus  " 35 

B.  Shaly  brown  or  greenish  sandstone 50 

0.  Brown  slabby  sandstone  or  pebbly  grit,  composed  chiefly  of 

particles  of  quartz  and  characterized  by  cross  bedding.  The 
basal  portion  generally  includes  beds  of  coarser  grit,  or  con- 
glomerate, made  up  of  the  harder  fragments  of  the  underlying 
rocks.  Most  of  the  pebbles  are  rounded.  The  member  con- 
tains here  and  there  thin  lenses  of  shale.  The  sandstone  is 
commonly  indurated  to  quartzite  and  the  entire  member  is 
very  resistant  to  erosion  and  makes  a  conspicuous  brown  cliff 
along  the  rim  of  the  Granite  Goige.  The  thickness  depends 
on  the  relief  of  the  imderlying  surface;  where  greatest  it  is. . .  200 


285  . 

No  fossils  were  found  in  the  formation. 

Within  the  Tapeats  sandstone  is  a  record  of  marine  planation  that 
in  these  vertical  sections,  which  include  no  soil,  is  preserved  with  a 
clearness  that  is  almost  beyond  belief.  The  long  southwestern  face 
of  the  Unkar  island  monadnock  was  undercut  by  the  waves  of  the 
sea  in  which  the  sandstone  was  deposited,  and  a  cross  section  of  this 
old  sea  cliff  preserved  in  the  Tapeats  sandstone  in  the  southern  wall 
of  Hotauta  Canyon  near  the  Colorado  reveals  clearly  every  detail  of 
the  structure;  at  the  base  of  the  cliff  huge  angular  blocks  of  Shinumo 
quartzite  are  incorporated  in  the  Tapeats  sandstone  in  the  places 
where  they  fell  and  lodged;  farther  out  lie  masses  of  bowlders,  worn 
and  roimded  by  thepoimding  of  the  waves;  and  these  bowlders  run 
into  lenses  of  fine  pebbly  conglomerate,  representing  the  shingle  of 
the  ancient  beach,  dragged  out  by  the  undertow.  No  more  striking 
example  of  a  fossil  sea  cliff  can  be  imagined. 


BRIGHT  ANGEL  SHALE. 


The  name  of  the  Bright  Angel  shale  is  derived  from  Bright  Angel 
Canyon,  in  the  walls  of  which  the  formation  is  well  exposed. 

The  section  following  was  measured  on  the  north  side  of  Colorado 
River  between  Hakatai  and  Burro  canyons,  in  the  central  part  of 
the  Shinumo  quadrangle. 
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Seetwn  of  Bright  Angel  shale  on  north  side  of  Colorado  River  between  Hakatai  and  Burro 

canyons, 

A.  Upper  division  (alternating  layers  of  shale  and  purplish-brown 

sandstone  in  upper  part;   soft,  greenish,  micaceous  sandy 

shales  below;  the  lower  part  makes  a  moderate  slope  and  the 

upper  part  a  steep  slope): 

Feet. 

1.  Shale 16 

2.  Sandstone 2 

3.  Shale 16 

4.  Sandstone 3 

5.  Shale 6 

6.  Sandstone 1 

7.  Shale 5 

8.  Sandstone 2 

9.  Shale 80 

131 


B.  Middle  division  (locally  known  as  '^ Snuffy  limestone'*;  two 
cliffs  of  resistant  limestone  separated  by  a  slope  of  soft  shale; 
see  PI.  XVIII,  p.  86): 

1.  Dense  snuff-colored  limestone,  somewhat  sandy,  with  platy 

partings 10 

2.  Very  dense,  snuff-colored  crystalline  limestone 12 

3.  Soft  shales,  including  a  very  thin  layer  of  glauconite  (7)  con- 

taining linguloid  brachiopods 25 

4.  Limestone  Uke  2 10 

67 


0.  Lower  division  (soft,  green,  micaceous  sandy  shales  with  occa- 
sional thin  layers  of  resistant  sandstones,  which  form  small 
cliffs;  the  entire  division  makes  a  very  gentle  slope): 

1.  Gross-bedded  greenish  sandstone 6 

2.  Extremely  soft  shales  with  a  few  very  thin  interbedded  layers 

of  fossiliferous  sandstone  and  phosphatic  limestone,  made 
of  the  shells  of  linguloid  brachiopods.  A  layer  of  glauco- 
nite (?)  a  few  inches  thick  occurs  in  the  center  of  the  shales .     75 

3.  Sandstone,  containing  fossils 1 

4.  Shale 7 

5.  Sandstone 2 

6.  Shale 9 

7.  Cross-bedded  brown  sandstone,  containing  fossib 3 

8.  Shale 55 

9.  Reddish-brown  quartzite,  in  many  places  conglomeratic 2 

160 
Total  thickness  of  Bright  Angel  shale 348 

Most  of  the  fossils  were  found  in  certain  layers  of  brown  sand- 
stone, indicated  in  the  section,  but  some  were  collected  from  the 
shales,  tlirough  which  fossils  are  also  scattered,  though  much  less 
abundantly.  All  the  specimens  foimd  in  the  sandstones  bear  marks 
of  grinding  and  attrition. 
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Tho  following  forms  were  identified:  By  Prof.  Schuchert:  Worm 
trails;  Lin^lepis  spatulus;  LinguUUa  acutangula.  By  Mr.  Walcott: 
Oholus  westania,  var.  themis.  By  Mr.  Bassler:  Phyllopod — Indiana 
faba  U.  and  B. 

In  addition,  Mr.  Walcott  collected  at  the  same  horizon  in  the  Shi- 
numo  quadrangle  in  1901  numerous  worm  trails,  LingyJeBa  limolata, 
LingulMa  perattenuata,  and  lAngulepis  spatvlus. 

These  fossils  show  that  the  Bright  Angel  shale  is  of  Middle  Cam- 
brian age.  Whether  the  underlying  unf ossiliferous  Tapeats  sandstone 
represents  the  Middle  or  the  Lower  Cambrian  system  is  not  yet  known. 
Walcott  ^  thinks  it  probable  that  the  erosion  interval  represented  by 
the  unconformity  at  the  base  of  the  Tapeats  sandstone  represents 
the  whole  or  a  laige  part  of  the  Lower  Cambrian. 

Tho  Bright  Angol  shale,  like  tho  formations  of  the  Unkar  group, 
is  characterized  by  curious  circular  or  elliptical  spots  that  appear 
throughout  all  the  shaly  and  sandy  strata,  some  caused  by  local 
leaching,  some  by  local  addition  of  a  ferruginous  mineral. 

MUAV   LIMESTONE. 

Tho  name  of  the  Muav  limestone  is  derived  from  Muav  Canyon, 
in  tho  lower  part  of  which  the  formation  is  particularly  well  exposed. 
(See  PI.  XV,  A.)  It  designates  the  predominantly  calcareous  part  of 
tho  Tonto  group. 

Tlie  limestones  of  the  formation  are  of  a  peculiar  and  distinct  type. 
CharaetiM-istirally,  they  are  impure  thin-bedded  bluish-gray  lime- 
stones wliieh  have  a  mot  tied  appearance,  imparted  by  infinitely 
numerous  thin  bauds  or  l(^nses  of  buff  or  greenish  shaly  mat<*rial.. 
By  this  mottlinjj;  and  tlie  thin  banding  the  formation  can  be  readily 
distinij:uisli(Ml  at  a  distance.  On  closer  inspection  the  limestones  are 
seen  to  contain  numerous  imperfect  coralloid  or  fucoidal  markings. 
Ilie  upper  part,  of  tli(»  formation  contains  layers  of  sandstone  and 
some  layers  of  massive  buff  crystalline  Umestone,  but  most  of  the 
beds  are  sli<:htly  ijnpure  and  mottled.  The  shaly  material  of  the 
jiu)ttlin<i:s  is  locally  finely  micaceous,  and  in  places  the  rock  comprises 
more  shal(^  than  limestcme.  In  other  places  the  formation  contains 
layers  that  hav(»  the  appearance  of  a  shale  conglomerate,  made  up 
of  rounded,  flattened  frapnents  of  shale  and  limestone.  Some  of  the 
fucoidal  mottlinjxs  are  composed  of  buff  or  green  shale  and  some 
Livers  of  th(^  limestone  are  cherty.  Infinite  variations  of  all  phases 
occur  tlu'ou^^hout  the  formation.  Tlie  sandstones  and  the  purer  por- 
tions of  tho  lijnest()]ies  make  cliffs  and  the  impure  portions  make 
slopes.  The  uj)per  })art  of  th(^  formaticm  unites  wnth  the  layers  at 
tho  base  of  tho  overlying  Redwall  hmestonc  to  form  the  lower  part 
of  a  sint^le  great  cliff. 


'  ^^■nlo"tt.(^  I»..  rn'-Ciimbriiin  igneous  rocks  of  the  Unkarterranc:  U.  S.  Geol.  Survey  FourteenUi  Ann. 

Rept..i;t.  2.  If.  :'l^.  lv»4. 
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The  following  section  was  measured  in  Bass  Canyon: 

Section  of  Muav  limestone. 

Feet. 

Maasiye  layers  of  buff  crystalline  limestone  (cliff) 30 

Fine-grained  calcareous  buff  sandstone  (cliff) 90 

Sandy  mottled  limestone  (steep  slope) 85 

Fine  buff  sandstone 5 

Mottled  limestone  (cliff) 200 

Impure  shaly  mottled  limestone,  fine-grained  buff  sandstone,  and 

snuff-colored  crystalline  limestone  in  thin  laminae 45 


455 

No  fossils  were  found  in  the  Muav  limestone  in  the  Shinumo 
quadrangle.  The  similarity  in  Uthologic  character,  however,  leaves 
little  doubt  that  the  beds  are  the  same  as  those  of  the  ''mottled 
limestone"  (earlier  nomenclature),  from  which  Walcott  collected  an 
abundant  Middle  Cambrian  fauna  both  in  Kanab  Canyon,  farther 
west,  and  in  the  eastern  part  of  the  Kaibab  division. 

CORREl  ATION    OF  TONTO  GROUP. 

According  to  Ransome,^  the  Tapeats  sandstone  is  apparently 
equivalent  to  the  Apache  group  of  the  Globe  district,  to  the  Coronado 
quartzite  of  the  Clifton  district,  and  to  the  Bolsa  quartzito  of  the 
Bisbee  district.  The  Bright  Angel  shale  and  the  Muav  limestone 
are  apparently  represented  by  the  Abrigo  limestone  of  the  Bisbee 
region. 

TJNCONPORMITY. 

In  certain  parts  of  the  Grand  Canyon,  both  east  and  west  of  the 
Shinimio  quadrangle,  the  Cambrian  Muav  limestone  is  separated  from 
the  overlying  Carboniferous  Redwall  limestone  by  a  pecuUar  xmcon- 
formity  of  erosion  without  unconformity  of  dip.  The  studies  that 
revealed  the  presence  of  this  unconformity  were  made  by  Walcott. 

In  Kanab  Canyon,  20  miles  west  of  the  Shinumo  quadrangle, 
Walcott'  reports  the  presence  of  Devonian  beds  separated  by  a 
strong  line  of  erosion  from  the  undorl}nng  Cambrian  and  by  a  similar 
line  of  erosion  from  the  overl3dng  Redwall.  The  writer  had  the 
privilege  of  examining  skotchc^s  made  by  Mr.  Walcott  showing  the 
details  of  these  unconformities.  In  one  place  canyons  80  feet  deep 
were  eroded  in  the  "mottled  limestone''  (Muav  lim(*stone)  and  these 
depressions  were  filled  by  limestones  and  sands  containing  a  Devonian 
fauna. 

1  Ransome,  F.  L.,  A  comparison  of  some  TaleozoU*  and  pre-Cambrian  sections  in  Arizona:  Science,  new 
»er.,  vol.  27,  p.  69, 1908. 

s  Walcott,  C.  D.,  The  Pennian  and  other  Paleozoic  groups  of  the  Kanab  Valley,  Arizona:  Am.  Jour.  Sd., 
8d  ser.,  vol.  20,  pp.  221-225, 1880. 

29745**— Bull.  649—14 5 
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The  observations  of  Walcott  at  the  east  end  of  the  Kaibab  division 
reveal  a  similar  condition.     He  writes :  ^ 

In  placee  the  Devonian  is  entirely  absent,  either  through  erosion  or  nondeposition, 
so  that  the  Redwall  limestone  rests  directly  upon  the  massive  calciferous  strata  of 
the  upper  Tonto.    It  rarely  has  a  thickness  of  more  than  100  feet. 

In  the  south  wall  of  the  Grand  Canyon  between  Ruby  Canyon,  in 
the  Shinumo  quadrangle,  and  Pipe  Creek,  in  the  Bright  Angel  quad- 
rangle, the  unconformity  between  the  Muav  limestone  and  the 
Redwall  is  well  marked  and  in  many  places  Devonian  beds  lie  in 
small  hollows  eroded  in  the  Muav  limestone.  These  Devonian  beds 
are  clearly  separated  from  the  underlying  Muav  and  from  the  over- 
lying Redwall  by  imconformities  of  erosion.  In  the  Shinumo 
region,  however,  this  double  unconformity  is  not  clearly  evident, 
and  in  order  to  determine  the  stratigraphic  relations  in  Bass  Canyon 
with  certainty  it  will  be  necessary  to  trace  the  beds  at  the  horizon 
of  the  unconformity  westward  from  Ruby  Canyon  into  the  Shinumo 
region. 

OABBONIFEBOUS   SYSTEX. 

RBDWALL  LIME8TONB. 

The  type  locality  for  the  Redwall  formation  is  Redwall  Canyon, 
in  the  Shinumo  quadrangle.  The  name  was  applied  to  the  formation 
long  ago  by  Gilbert. 

Because  of  the  lack  of  fossils  and  the  failure  to  detect  the  line  of 

erosion  that  would  mark  a  division  between  the  Muav  limestone  and 
the  Redwall  in  Bass  Canyon  it  has  been  necessarv  to  fix  tentatively 
the  base  of  the  Kedwall  by  means  of  lithology.  The  Muav  limestone 
is  here  overlain  l)y  alternating  layers  of  calcareous  sandstone  and 
dense  l)lue-<rray  ervstalliiie  limestone,  whieh  have  a  thickness  of 
110  f(*et.  lliese  layei*s  are  taken  arbitrarily  as  the  base  of  the  lied- 
wall.  The  remainder  of  tlu^  fonnation  comprises  beds  of  pure, 
dense,  hluish-^ray  erystiJliiie  Umestone,  the  bedding  of  which  is 
generally  so  obscure  that  they  have  the  appearance  of  a  single 
stratum.  The  l)edding  is  thimier  in  the  lower  than  in  the  upper  part 
of  this  limeston(\  These  beds  of  limestone  appear  in  a  single  great 
clilT,  tlieliitrhest  in  the  (rraiul  Canyon.    The  faeeof  the  cliiTis  wnerallv 

/  K^  *  <_?  ft' 

stained  nnl  ])y  the  weathering  of  the  overlying  red  shales  of  the 
Supai  formation.  Hiese  obscurely  bedded  limestones  are  about 
500  feet  tliiek  in  Ba^s  Canyon. 

The  elill'-makin^  limestone  of  the  Kedwall  formation  has  produced 
some  of  the  most  remarkable  scenery  in  the  canyon.  Throughout 
the  canyon  the  faces  of  the  eliU's  it  forms  are  recessed  ^^'ith  great 
niches  and  alcoves  and  are  ])enetrated  by  many  cave^.     The  niches 


1  ^Viihun,  i  .  P.,  rri'-Ciirhoiiifcrous  strata  in  the  CJrand  Cunyou  of  the  Colorado,  Arizuna:  Am.  Juiir. 
BcL,  3dscr.,  vol.  20,  p.  43}S,  lJjJ>3. 
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and  alcoves  are  described,  but  left  unexplained,  by  Dutton  ^  and  are 
explained  by  Davis.'  Their  grandest  development  in  the  region  is 
found  in  the  walls  of  Walthenbeig  Canyon,  in  the  Shinumo  quad- 
rangle. Two  of  the  largest  caves  in  the  Redwall  are  found  in  Bass  Can- 
yon and  in  the  upper  part  of  Muav  Canyon. 

The  total  thickness  of  the  Redwall  limestone  in  Bass  Canyon  is 
610  feet,  of  which  at  least  30  feet  at  the  base  is  probably  of  Devonian 

age. 

The  only  fossils  obtained  in  this  formation  by  the  writer  were  some 
obscure  forms  collected  about  325  feet  above  its  base  in  Bass  Canyon. 
These  comprise  some  cross  sections  of  a  cyathophylloid  coral  and 
some  small  brachiopods,  which  were  identified  by  Prof.  Schuchert 
as  Schuchertella.  They  may  belong  to  either  a  Mississippian  or  a 
Pennsylvanian  fauna. 

In  Kanab  Canyon,  20  miles  west  of  the  Shinumo  quadrangle, 
Gilbert '  found  abundant  fossils  in  the  Redwall  and  concluded  that 
the  base  of  the  formation  in  that  locality  represents  ''Lower  Carbon- 
iferous" (Mississippian)  and  the  summit  ''Upper  Carboniferous" 
(Pennsylvanian)  time,  the  transition  taking  place  without  break. 

Similar  evidence  was  obtained  later  by  Lee  ^  in  the  western  part 
of  the  Grand  Canyon  region.  The  paragraphs  presenting  this  evidence 
are  here  quoted: 

In  Tnixton  Canyon  two  smaU  coUectionB  of  foaBils  were  obtained  from  the  RedwaU 
limestone.    These  were  examined  by  G.  H.  Girty,  of  the  Geological  Survey,  who 
reports  the  following  lists: 
At  Yampai,  near  the  top  of  the  exposed  section,  the  following  were  obtained: 
Derbya  (?)  sp. 
Composita. 
Aviculipecten. 

Myalina  sp.  aff.  M.  Meliniformis  and  M.  cogeneiis. 
Edmondia  (?)  sp. 
These  fossils,  according  to  Girty,  indicate  a  Pennsylvanian  or  **CoaA  Measures"  age. 
Lower  in  the  section,  near  Nelson,  Ariz.,  Mississippian  forms  were  obtained,  as 
foUows: 

MenophyUimi  excavimi. 
Schuchertella  inequalis. 
Spirifer  centronatus. 
Spirifer  striatus  var.  madisonensis. 
Straparollus  sp. 
Girty  states  that  this  is  the  Eo-Mississippian  fai^a,  which  has  a  wide  range  over  the 
West,  correlating  it  with  the  lower  "Wasatch  limestone  of  Utah,  the  Madison  lime- 
stone of  Yellowstone  Park,  and  the  Chouteau  limestone  of  Missouri. " 

Lee  believes  that  in  the  locality  described  by  him  the  upper  part 
of  the  Kedwall  is  Pennsylvanian  and  the  lower  part  is  Mississippian, 

1  Dutton,  C.  E.,  Tertiary  history  of  the  Grand  Canyon  district:  U.  S.  Gool.  Survey  Hon.  2,  chap.  14, 1G82. 
s  Davis,  W.  If.,  An  excuisicn  to  the  Grand  Canyon  of  the  Colccadoc  Harvard  Univ.  Ifus.  Comp.  Zool. 
Bull.  38,  vol.  5,  No.  4,  p.  178,  1901. 

•  GUbert,  G.  K.,  op.  dU,  p.  178. 

*  Lee,  W.  T.,  Geologic  reconnaissance  of  a  part  of  western  Arizooai*.  V3 .  ^.  Qk^xSL.%^a3:^i«^  ^v^  'i£Si.^^.>Sk« 
1906. 
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the  line  of  division  being  drawn  between  tbe  upper  inassivu  and  the 
lower  laminated  members  of  the  fomiation. 

The  fossils  found  by  the  wriw-.r  of  tbe  present  report  in  the  lower 
part  of  the  formation  in  the  Shxnumo  quadrangle  are  apparently 
uniUar  to  forms  found  in  the  part  of  Ijee's  section  which  is  referred  to 
the  Miasissippian  by  Girty,  but  correlation  can  not  be  based  upon 

\  vvidence  so  doubtful. 

*  The  limestone  beds  in  which  Penusylvanian  fossils  were  found  by 
Gilbert  and  Leo  may  be  the  correlatives  of  the  layers  of  cherty  lime- 
stone that  lie  at  the  base  of  the  Supat  in  the  Shinumo  region,  and  th© 
fine  of  separation  between  the  Mississippian  and  Pennsylvanian  may 
consequently  be  the  hoso  of  the  Supai  formation  in  Bass  Canyon,  but 
until  this  question  has  been  decided  by  further  study  the  base  of  the 
Rodwall  may  bo  assigned  to  the  Mississippian  and  the  simimit  to  the 
Pennsylvaman. 

AtTBEEY   QROfP. 

All  the  strata  above  the  Rodwall  limestone  in  the  canyon  wall  be- 
long to  the  Aubrey  group,  Tlie  group  is  divisible  into  three  forma- 
tions— the  Supai,  the  Coconino,  and  the  Kaibab. 


lAthology. — This  is  the  basal  formation  of  the  Aubrey  group.  The 
name  was  given  by  Darton'  and  is  derived  from  the  Indian  village  of 
Siipni  in  Cflhinict  Canyon,  which  is  (Ifsiirnnted  us  (he  t^-pe  loctility. 
The  Supai  formation  is  easily  distinguished  by  ita  color,  for  it  contrib- 
utes most  of  the  red  to  the  canyon  landscape.  Its  upper  part  is  made 
of  soft  red  shale,  which  appears  in  a  gentle,  wasteniovered  slope  be- 
neath the  Coconino  sandstone  cliff.  Its  lower  part  consists  chiefly 
of  layers  of  hard  sandstone,  which  make  a  long,  steplike  succession 
of  cliffs,  each  of  which  corresponds  in  height  to  the  thickness  of  the 
bed  that  determines  It,  The  shale  of  the  upper  part  wastes  back  from 
the  summit  of  the  sandstone  of  the  lower  part  and  leaves  the  Esplan- 
ade platform.     (See  Pis.  VI  and  VII,  A  and  B,  pp.  21,  22.) 

SaTidatoTie  of  the  Su'pai  formaiion. — The  basal  member  of  the  lower 
division  of  the  Supai  formation  in  Bass  Canyon,  which  is  about  100 
feet  thick,  consists  of  red  shales  alternating  with  beds  of  masaiTe  blue- 
gray  crystalline  hmestone  containing  bands  and  nodules  of  red  chert, 
These  beds  waste  back  from  the  amnmit  of  the  Redwall,  leaving  a 
narrow  ledge.  The  remainder  of  the  lower  division  consists  almost 
entirely  of  fine-grained  cross-bedded  sandstone.  At  a  horizon  575 
feet  above  the  summit  of  the  Redwall,  however,  some  remarkable 
beds  of  limestone  conglomerate  are  here  and  there  interbedded  with 
the  sandstones.     The  conglomerate  occurs  in  lenses,  which  alternate 
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with  beds  of  fine  red  shaly  sandstone.  The  total  thickness  of  the 
beds  that  carry  the  conglomerate  lenses  is  20  feet.  The  pebbles, 
which  are  derived  from  a  rock  of  much  the  same  character  as  the 
massive  part  of  the  Redwall  limestone,  are  well  rounded  and  their 
average  diameter  is  about  an  inch.  The  matrix  is  red  mud.  The 
thickness  of  the  sandstone  division  of  the  Supai  formation  is  850  feet 
in  Bass  Canyon  and  shows  httle  variation  in  the  quadrangle. 

Sliale  of  ike  Supai  forTnxUion. — The  upper  member  of  the  higher 
division  of  the  Supai  formation  consists  chiefly  of  soft  red  shaly  sand- 
stones, which  make  a  slope  rising  from  the  Esplanade  platform  and 
are  largely  masked  by  fans  of  gray  waste  shot  down  from  the  over- 
lying Coconino  sandstone.  In  the  walls  directly  above  Bass  Canyon 
the  formation  is  400  feet  thick  but  its  thickness  varies  greatly  in  the 
quadrangle. 

The  total  thickness  of  the  Supai  formation  in  this  locality  is  1,250 
feet. 

In  the  Shiniuno  region  the  Supai  formation  appears  to  be  separated 
from  the  imderlying  Redwall  limestone  by  a  slight  unconformity  of 
erosion.  According  to  Darton  *  it  is  "distinct  from  the  gray  sand- 
stone [Coconino]  throughout  northern  Arizona,  but  their  separation 
from  the  imderlying  Redwall  is  not  everywhere  so  clear  as  could  be 
desired." 

COCONINO   SANDSTONE. 

Darton  writes:' 

The  name  Coconino  sandstone  is  proposed  for  the  cross-hedded  gray  to  white  sand- 
stone of  the  Aubrey  group,  which  is  so  conspicuous  in  the  walls  of  the  Grand  Canyon. 
It  underlies  the  entire  Coconino  Plateau,  as  well  as  the  extensive  plateau  country 
north  of  the  Grand  Canyon. 

The  Coconino  sandstone  is  bufiF  to  creamy-white,  is  of  uniformly 
fine  grain,  and  is  characterized  throughout  by  cross-bedding.  It 
forms  a  single  great,  massive  bed,  which  makes  the  highest  cliff  in  the 
upper  wall  of  the  canyon,  whose  white  color  presents  a  striking  con- 
trast to  the  red  color  of  the  shales  of  the  Supai  formation  in  the  slope 
beneath.  The  huge  scale  of  the  cross-bedding  is  remarkable.  The 
inclined  beds  dip  in  a  general  southerly  direction  and  each  layer  is 
evenly  truncated  above,  so  that  it  forms  a  wedge.  Many  of  the 
wedges  attain  a  thickness  of  100  feet.  No  ripple  marks  or  sun  cracks 
have  ever  been  found  in  the  Coconino  sandstone  and,  with  the  excep- 
tion of  the  Tapeats  sandstone,  it  is  the  only  Paleozoic  formation  of  the 
canyon  wall  in  which  fossils  have  not  been  found.  Its  thickness  varies 
considerably  in  the  quadrangle  and  is  everywhere  in  inverse  ratio  to 
that  of  the  underlying  shale  of  the  Supai  formation.  Under  Hava- 
supai  Point,  near  Bass  Canyon,  its  thickness  is  335  feet. 

1  Darton,  N.  II.,  idem.  >  Darton,  N.  H.,  idem,  p.27. 
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The  name  Saibab  ha,-*  been  applied  to  the  uext  highest  formation 
by  Barton '  from  the  fact  that  it  forma  the  surface  of  the  Kaibab 
Plateau.  The  Kaibab  limestone  overlies  the  Coconino  sandstone 
and  i»  the  highest  formation  in  the  canyon  wall.  Upon  it  are  devel- 
oped the  surfaces  of  all  the  plateaus  of  the  Grand  Canyon  district. 
The  upper  portion  of  the  formation  consists  of  layers  of  dense  buff 
or  cream-colored  limestone,  which  are  composed  largely  of  the  re- 
mains of  sea  animals  and  contain  great  quantities  of  lumpy  flint  or 
chert.  Fossil  Mountain  (PI.  VII,  B,  p.  22),  near  Havasupm  Point,  is 
so  named  because  of  the  abundancfl  of  fossils  on  its  southwest  slope. 
The  layere  of  hmestone  are  very  resistant  to  erosion  and  make  the 
first  cliff  that  drops  away  at  the  rim  of  the  canyon.  The  middle  and 
lower  portions  of  the  formation  consist  of  beds  of  sandy  limestone, 
whicli  decay  more  easily  and  make  a  series  of  weak  cliffs  and  steep 
slopes  in  the  wall. 

The  unequal  hardness  of  the  upper  an<l  middle  parts  of  the  forma- 
tion has  produced  a  curious  scenic  feature  in  the  north  wall  of  the 
canyon.  Rain  erosion  has  carved  the  rock  into  colossal  pillars  or 
"hoodoos,"  wliich  stand  like  sentinels  along  the  rim  of  Shinuino 
Amphitheater  (PI.  XVI,  A,  p.  78).  Each  pillar  is  preserved  by  a  cap 
of  the  hard  summit  limestone,  which  protects  the  softer  sandy  lime- 
stone beneath. 

The  absence  of  surface  streams  on  the  Kaibab  Plateau  is  due  to  the 
fact  that  its  floor  is  nuule  of  limestone.  As  h  usual  in  limestone 
regions  of  abundant  rainfall,  the  rock  is  honeycombed  by  a  system 
of  underground  drainage  channels  which  have  been  dissolved  by 
rain  water  that  descends  along  lines  of  joint  and  fracture.  In  only 
a  few  places  do  the  surface  waters  flow  far  before  they  sink  and  join 
this  underground  system,  in  which  they  continue  southwestward 
with  the  dip  of  the  strata  and  burst  out  as  springs  in  the  north  wall 
of  the  canyon,  feeding  the  perennial  streams  of  the  amphitheaters. 
The  map  shows  small  circular  depressions  here  and  there  on  tha 
plateau.  These  are  sink  holes,  each  of  which  has  in  its  bottom  an 
outlet  that  communicates  with  the  undei^oimd  channels.  Where 
the  outlets  become  clogged  up  the  sinks  hold  small  ponds  in  wet 
weather.     Fen  Lake  is  one  of  these  ponds. 

Section  of  Kaibab  Umxttont  near  FoarU  Mountain,  Coconino  PlaUmt. 

A-  Crystalluie  limeBtooe,  coDtainiag  nuuiy  nodules  of  chert  in  iti 

ujiper  portiim.     The  cherty  layer  caps  the  retnarkablB  "  pin- 
nacles uf  uruaiiiu"  aluug  the  northeni  rim  of  the  canyon  in  the  Pest. 
Kaibab  divivon 76 
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Feet. 

B.  Very  foasiliferous  white  crystalline  limestone,  fonuing  a  cliff. . .     200 

C.  Bed  of  soft  and  crumbling  calcareous  sandstone,  locally  a  con- 

glomerate made  up  of  fragments  of  soft  calcareous  sandstone.  20 

D.  Calcareous  red  and  white  sandstones 135 

E.  Buff,  crystalline,  siliceous  limestone,  making  a  cliff 40 

F.  Calcareous  white  sandstone,  making  a  ledge  and  slope  at  the 

summit  of  the  Coconino  sandstone 50 

520 

The  fossils  of  division  B  are  abundant  wherever  the  beds  of  that 
horizon  are  exposed  in  the  quadrangle.  A  collection  made  at  Fossil 
Mountain  and  in  the  Muav  Saddle  was  examined  by  G.  H.  Girty,  of 
the  Geological  Survey,  who  reports  that  the  forms  comprise  all  those 
which  are  included  in  a  similar  collection  in  his  possession  obtained 
at  the  same  horizon  in  the  Kaibab  limestone  at  Parusi-Wompats 
Spring,  just  north  of  the  Shinxmio  quadrangle,  on  the  Kaibab  Plateau. 

The  list  from  Parusi-Wompat  is  as  follows: 

Sponges.  Productus  aff.  irginse. 

Lophophyllum  n.  sp.  Productus  subhorridus  var.  rugatulus? 

Crinoid  stems.  Productus  sp. 

Fistulipora  sp.  Pugna  osagensis  var. 

Meekopora  sp.  Heterelasma  n.  sp. 

Stenopora  sp.  Squamularia  guadalupensis? 

Septopora  sp^  Spiriferina  campestris? 

Polypora  sp.  Composita  subtilata. 

Lingulidiscina  convexa?  Aviculipecten  2  sp. 

Derbya  sp.  Acanthopecten  occiden talis. 

Meekella  pyramidalis.  Pseudomonotis  aff.  hawni. 

Chonetes  aff.  hillianus.  Pseudomonotis?  sp. 

Productus  occidentalis.  Anisopyge  perannulata? 
Productus  ivesii. 

In  a  letter  concerning  this  fauna  Girty  writes: 

The  list  is  typical  of  the  fauna  of  the  upper  Aubrey,  the  general  character  of  which 
has  long  been  known  through  similar  lists  made  up  by  Meek  and  others.  I  have  been 
tentatively  correlating  the  Aubrey  with  the  Manzano  group  of  New  Mexico  and  with 
the  upper  part  of  the  Hueco  formation  of  western  Texas.  Consequently,  it  would  be 
older  than  the  Guadalupe  group,  which  overlies  the  Hueco  formation.  The  fauna 
listed  above,  however,  contains  a  number  of  species  which  are  very  similar  to  or  iden- 
tical with  species  that  occur  in  the  Guadalupian  fauna,  and  in  spite  of  the  fact  that 
most  of  the  Guadalupian  species  have  not  been  found  in  the  Aubrey  group,  it  seems 
less  improbable  than  it  did  several  years  ago,  when  the  Guadalupian  fauna  was  under 
investigation,  that  the  Kaibab  limestone  is  of  the  same  geologic  age. 

VABIATION  IN  THE  THICEI^SS  OF  THE  PAIiEOZOIO  STRATA. 

The  table  following  shows  the  variations  in  thickness  of  the  Paleo- 
Boic  strata  in  the  quadrangle. 
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The  Kaibab  limestone  varies  considerably  in  thickness  from  place 
to  place,  but  this  variation  is  only  apparent,  being  due  to  the  fact 
that  the  summit  of  the  formation  has  undergone  unequal  erosion  in 
different  parts  of  the  quadrangle.  The  original  thickness  was  prob- 
ably nearly  imiform. 

The  Coconino  sandstone  decreases  steadily  in  thickness  toward  the 
north  and  west. 

The  shale  of  the  Supai  formation  increases  steadily  in  thickness  in 
the  same  directions. 

The  sandstone 'of  the  Supai  formation  varies  only  slightly,  its 
thickness  decreasing  toward  the  west. 

The  RedwaU  limestone  increases  in  thickness  toward  the  north  and 
west. 

The  Muav  limestone  becomes  slightly  thicker  toward  the  west. 

The  Bright  Angel  shale  is  nearly  uniform  in  thickness  throughout 
the  quadrangle  except  in  places  where  the  Unkar  monadnock  projects 
into  it.     Its  texture  becomes  firmer  toward  the  west. 

The  thickness  of  the  Tapeats  sandstone  depends  entirely  on  the 
relief  of  the  underlying  eroded  surface  and  therefore  shows  an  exceed- 
ingly irregular  variation. 

The  total  thickness  of  the  Paleozoic  system  increases  gradually 
toward  the  north  and  west. 

EFFECT  OF  THE  VA&IATIOH  IN  THE  TEaOKNBSS  OF  THE  PAUBO- 
ZOIO  STRATA  UPON  THE  TOPOOBAPHY  OF  THE  OANYOK  WALL. 

The  profile  of  the  canyon  wall  in  the  Paleozoic  strata  everywhere 
shows  a  direct  relation  to  the  variations  in  thickness  and  character 
of  the  strata  of  this  era.  It  has  been  emphasized  that  each  resistant 
stratimi  makes  a  cliff  and  each  weak  stratimi  a  slope,  and  that  each 
ledge  in  the  wall  is  made  by  the  wasting  back  of  weak  strata  from  the 
summit  of  a  resistant,  cliff-making  stratum  below.  The  width  of  a 
ledge  invariably  increases  with  the  thickness  of  the  weak  strata,  and  is 
also  controlled  by  the  relative  thickness  and  strength  of  the  overlying 
strata  which  defend  the  retreat  of  the  wall  above.  Although  this  rela- 
tion has  always  been  recognized  in  the  smaller  ledges  in  the  canyon 
wall,  a  different  explanation  of  the  two  widest  ledges,  the  Esplanade  and 
Tonto  platforms,  is  found  in  most  geologic  literature — an  explanation 
based  on  a  theory  advanced  by  Dutton. 

Dutton  ^  explains  the  Esplanade  (PI.  VI,  p.  21)  by  a  pause  in  the 
uplift  of  the  region  dimng  the  cutting  of  the  Grand  Canyon.  By  this 
pause  a  temporary  base  level  of  erosion  was  produced,  the  topo- 
graphic expression  of  which  was  a  mature  vaUey  whose  floor  was  the 
Esplanade. 

Again  tlie  country  was  hoisted,  this  time  more  than  before    *    *    *.    Swiftly  the 
inner  gorge  was  scoured  out  and  the  chasm  assumed  its  present  condition. 

I  Duttoni  C.  E,,  op.  c\t.,  p.  \1V. 
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The  reader  U  led  to  infer  that  the  Tonlo  platform  (PI.  V,  p.  201 
represents  the  pro}ongatioii  of  the  same  base  level  into  the  Raibiib 
diviaion. 

The  physiographic  studies  of  Davis  in  the  canyon  region,  however, 
have  made  it  clear '  that  the  Esplanade  is  associated  with  the  same 
changes  in  character  and  thickness  of  strata  that  producetl  the 
smaller  benches  in  the  canyon;  Unit  the  Esplanade  may  be  regarded 
wmply  as  a  structural  bench;  and  that  it  is  not  therefore  nec-essary 
to  postulate  more  than  a  single  cycle  for  the  cutting  of  the  Grand 
Canyon. 

The  writer  of  the  present  report  is  entirely  in  accord  with  Da^■is. 
Tho  Shinumo  quadrangle  is  the  critical  area  for  the  study  of  the 
origin  of  the  platforms,  for  the  profile  of  the  canyon  wall  here  changes 
from  that  which  is  characteristic  of  the  Kaibab  division  to  that 
which  is  characteriscic  of  the  Kanab.  This  change,  which  takes 
place  opposite  Havasupai  Point,  has  already  been  de8cribe<l,  and  the 
Variations  in  thickness  and  character  of  the  Paleozoic  strata  have 
just  been  oulhned.  The  perfect  correlation  of  the  character  of  the 
rocks  with  the  topography  in  the  two  greatest  platforms  will  now 
be  shown. 

In  the  Kaibab  division  the  Bright  Angel  shale  of  the  Tonto  group 
is  uniformly  weak  and  has  wasted  back  rapiiUy  from  the  summit  of 
the  Tapeatfl  sandstone,  leaving  the  mde  ledge  known  as  the  Tonto 
platform.  Aa  the  Bright.  Angel  whale  is  traced  westward  into  the 
Shinumo  quadrangle,  Liyors  of  rc^istiint  snufT-colortid  limestone  bt^n 
to  appear  in  the  middle  of  the  formation.  These  layers,  known 
locally  as  the"Snuffy  limestone"  (PI.  XVIII,  p.  86),  gradually  increase 
iu  tliickness  toward  the  west,  making  two  delicate  parallel  cli^s 
which  form  a  conspicuous  feature  in  the  interior  of  the  canyon. 
Similarly  the  overlying  Muav  limestone  and  the  massive  Redwall 
limestone  become  gradually  thicker  toward  the  north  and  west,  and 
the  innner  canyon  narrows  as  these  strata  become  more  and  more 
effective  in  defending  the  retreat  of  the  wait. 

In  the  Ranab  division  the  Supai  formation  of  the  Aubrey  group 
consists  of  weak  red  shales  in  its  upper  portion  and  re^tant  sand- 
stone below.  The  shalee  waste  back  from  the  summit  of  the  sand- 
stone, leaving  the  Esplanade  platform.  In  the  western  part  of  the 
quadrangle,  where  the  Esplanade  is  developed,  the  thickness  of  these 
shales  is  550  feet,  whereas  that  of  the  overlying  massive  Coconino 
sandstone,  which  defends  the  retreat  of  the  outer  wall,  is  only  250 
feet.  East  of  Havasupai  Point,  in  the  Kaibab  division,  the  thick- 
ness of  the  shale  of  the  Supai  formation  decreases  to  300  feet,  whereas 

■  DBTb,  W,  K.,  An  excimlon  to  ths  Onuid  CBnyon  of  the  Cslarsdo:  Barvwd  UnlT.  Has.  Comp.  ZwI. 
Bull.  3S,gea],  ser.,  toI.  G,  No.  4,  pp.  ISletseq,.  leol;  An  sxcurskiu  to  the  Plateau  prcninoe  irf  Utah  uiil 
Arlioae:  Hirraid  IIulv.  Has.  Cinip.  Zool.  Bull.  43,  geol.  Mr.,  vol  t,  pp.  3t  et  *eq.>  ItU. 
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that  of  the  Coconino  sandstone  has  increased  to  nearly  400  feet.    The 
Esplanade  fades  to  a  narrow  ledge  in  this  part  of  the  canyon. 

If  the  Esplanade  and  Tonto  platforms  represent  base  levels  of 
erosion  there  is  no  reason  why  every  bench  in  the  canyon  wall  should 
not  represent  a  similar  base  level.  In  the  Kaibab  division  at  least 
two  benches  are  better  developed  than  the  bench  that  locaUy  repre- 
sents the  Esplanade.  The  wiiter  agrees  with  the  conclusions  of 
Robinson,  who,  in  discussing  the  same  problem  from  observations 
made  in  the  Bright  Angel  quadrangle,  sajrs:  * 

It  is  hardly  reasonable  to  expect  such  a  nice  adjustment  of  base  levels,  three  or 
four  in  number,  to  suit  definite  structural  horizons.  It  must  be  concluded,  rather, 
that  the  benches  are  simply  what  they  appear  to  be — ^the  stripped  surfaces  of  resistant 
formations  which  have  been  successively  exposed  in  the  progressive  downcutting  of 
the  Colorado  River  through  the  plateau. 

The  facts  that  the  Esplanade  and  Tonto  platforms  are  both  widely 
developed  in  the  central  part  of  the  Shinimio  quadrangle  and  that 
they  are  there  vertically  over  2,000  feet  apart  show  that  they  do  not 
represent  a  conmion  base-level  of  erosion. 

STRUCTURAIi  GEOLOGT. 

WEST   KAIBAB   FAULT. 

Perhaps  the  most  interesting  structural  feature  in  the  quadrangle 
is  the  West  Kaibab  fault,  in  the  Muav-Flint  canyon,  where  the  line 
of  the  fault  is  laid  open  to  study  for  a  vertical  mile  by  the  deep  cut- 
ting of  the  gorge,  which  has  revealed  three  separate  displacements 
along  the  same  line.  These  displacements  occurred  at  widely  sepa- 
rated periods  of  geologic  time.     (See  PI.  I,  sections,  in  pocket.) 

The  earliest  of  these  displacements  is  recorded  in  the  pre-Cambrian 
rocks  in  the  depths  of  the  canyons  of  Shinumo  and  Flint  creeks,  and 
is  the  great  fault  that  limits  the  Unkar  wedge  on  the  northeast, 
bringing  up  the  \'ishnu  schist  on  the  opposite  side  of  the  fault  plane. 

The  strike  of  the  fault  in  this  part  of  the  Muav-Flint  canyon  is  in 
general  northwest-southeast,  but  its  extension  is  imdulatory,  as  may 
be  seen  from  the  geologic  map.  The 'dip  of  the  fault  plane  is  60° 
SW.  in  the  only  locality  where  a  vertical  cross  section  could  be 
observed.  The  strata  of  the  Unkar  group  are  dragged  up  against  the 
fault  line  throughout  its  exposure,  the  drag  sharply  reversing  their 
usual  northeasterly  dip.  The  fault  plane  is  marked  by  cemented 
breccia  wherever  it  crosses  the  liarder  beds  of  the  Vishnu  schist  or  the 
quartzites  of  the  Unkar  group.  Between  the  Dox  sandstone  and  the 
Vishnu  schist  it  is  characterized  by  a  soft  talcose  selvage. 

The  pre-Cambrian  age  of  the  fault  is  estabUshed  by  the  fact  that 
the  entire  structure  is  truncated  by  the  base-leveled  surface  of  erosion 

t  Robinson,  H.  H.,  Tho  single^^de  development  of  the  Qiand  Canyon  of  the  Colorado:  Science,  new 
ser.,  vol.  34,  No.  864,  p.  90, 1911. 
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at  the  base  of  the  Tapeats  sandstone.  The  total  amount  of  displace- 
ment can  never  be  known;  the  highest  beds  of  the  Unkar  group 
which  abut  against  the  fault  \>elong  to  the  Dox  sandstone,  lying 
stratigraphically  5,800  feet  above  the  Archean  surface  upon  whidi 
the  Unkar  group  rests,  but  this  can  be  only  a  minimum  measure 
because  of  the  truncation  of  higher  beds  by  the  pre-Tonto  uncon- 
formity, as  explained  above. 

The  two  later  displacements  which  took  place  along  the  same  line 
are  recorded  in  the  Paleozoic  strata. 

The  earlier  of  these  displacements  is  a  monoclinal  flexure,  which 
dips  northeastward.  This  flexure  is  clearly  defined  throughout  the 
Muav-Flint  Canyon,  from  Muav  Saddle  to  the  gap  between  Point 
Sublime  and  Sagittarius  Ridge,  a  distance  of  10  miles,  in  which  it 
displays  everywhere  about  the  same  amoimt  of  throw  and  the  same 
radius  of  curvature.  The  throw  ranges  from  400  to  500  feet  and  the 
curvature  is  accomplished  within  a  quarter  of  a  mile.  Southeast  of 
Point  Sublime  the  flexure  dindnishes  in  throw  to  about  50  feet  and 
crosses  the  river  near  the  eastern  boundary  of  the  quadrangle  at  the 
mouth  of  Slate  Creek.  Boucher  trail,  in  the  Bright  Angel  quadrangle, 
ascends  the  canyon  wall  for  a  part  of  the  way  in  the  line  of  the 
flexure.*  The  course  of  the  displacement  north  of  Muav  Saddle  is 
described  on  page  79. 

The  deep  Muav  Canyon  affords  an  excellent  opportunity  to  study 
the  effect  of  folding  in  the  Paleozoic  beds.  The  beds  of  the  massive 
formations — the  Kaibab  limestone,  Coconino  sandstone,  Supai 
formation  (sandstone  division),  Muav  limestone,  and  Tapeats  sand- 
stone— bend  do\\Tiward  in  a  graceful  arc.  The  entire  Redwall  lime- 
stone curves  downward  as  a  single  stratum.  The  soft  sandstones  of 
the  Supai  formation  and  the  Bright  Angel  shale,  however,  are  greatly 
mashed  and  crumpled. 

The  later  displacement  is  a  fault  along  the  Une  of  flexure.  In  the 
upper  part  of  Muav  Canyon  the  strata  wast  of  the  fault  are  dropped; 
farther  down  the  canyon  the  fault  dies  out  for  about  half  a  mile  and 
reappears  with  the  throw  reversed,  the  strata  this  time  dropjnng  on 
the  northeast  side  of  the  fault,  which  finally  dies  out  under  Point 
Sublime,  at  the  head  of  the  canyon  of  Flint  Creek. 

The  compound  dis[)lacement  gives  a  peculiar  j)rofile  to  the  walls 
of  the  Muav-Flint  Canyon:  On  the  northeast  side  of  the  canyons  of 
Shinumo  and  Flint  creeks  the  combined  throw  of  the  faidt  and  flexure 
drops  the  Tonto  jJatform  500  feet  below  the  level  at  which  it  stands 
on  the  opposite  side,  but  in  the  uj)per  part  of  Muav  C^anyon  the 
throw  of  the  fault  just  compensates  that  of  the  flexure.  (See  PI.  I. 
sections,  in  pocket.) 

1  Duvis,  W.  M.,  An  excursion  to  the  Grand  Canyon  of  the  Colorado:  Harvard  Univ.  Mus.  Comp.  Zool. 
Bull.  3S,  ppol.  sor.,  vol.  T),  No.  4,  p.  Km,  1<»01. 
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A  deBcription  of  this  fault  in  Muav  Saddle  is  given  by  Dutton,^ 
whose  observations,  however,  did  not  extend  southward  into  the 
canyon.  North  of  the  Muav  Saddle  the  fault  crosses  Tapeats  Amphi- 
theater and  its  throw  increases  greatly  imtil  it  becomes  the  immense 
break  which  drops  the  strata  nearly  2,000  feet  to  the  west  and  forms 
the  western  boundary  of  the  Kaibab  Plateau. 

The  flexiu^e  probably  originated  when  the  Paleozoic  rocks  were 
biu*ied  under  a  considerable  load  of  Mesozoic  strata,  for  the  thick  and 
massive  Paleozoic  beds  yielded  by  bending  rather  than  by  breaking, 
as  is  shown  in  Muav  Canyon.  This  movement  must  have  occiu^red 
not  long  after  erosion  began  in  the  region  and  therefore  early  in 
Tertiary  time.  The  fault  that  breaks  the  flexure  may  have  occurred 
at  any  time  after  the  greater  part  of  the  mass  of  the  Mesozoic  strata 
had  been  eroded  away. 

FAULTS   OF  THE   UNKAR   WEDGE. 

In  addition  to  the  great  fault  that  limits  the  wedge  on  the  north- 
east, a  large  number  of  smaller  faults  traverse  the  Unkar  strata. 
(See  PI.  I,  sections.)  These  faults  are  exceedingly  niunerous,  there 
being  in  some  places  as  many  as  30  to  the  mile.  The  amount  of  dis- 
placement ranges  from  almost  nothing  up  to  400  feet,  but  by  far  the 
greater  number  have  a  throw  of  less  than  50  feet.  Only  those  whose 
throw  exceeds  50  feet  are  recorded  on  the  map.  The  general  trend 
of  the  faults  is  northwest-southeast,  parallel  to  that  of  the  limiting 
West  Kaibab  fault  and  to  the  strike  of  the  strata.  The  fault  lines 
are  very  crooked,  owing  to  the  fact  that  they  traverse  a  rugged 
region  (PL  XVII,  B). 

All  the  faults  are  of  the  normal  type  and  divide  the  strata  into 
crustal  blocks.  At  many  places  two  fault  planes  dip  toward  each 
other,  a  vertical  wedge  of  strata  lying  between  them.  The  fault 
blocks  and  wedges  are  of  all  sizes,  ranging  from  those  included 
between  the  larger  faults  down  to  those  formed  by  the  innxmierable 
faults  of  small  throw.  A  cross  section  of  one  of  the  wedges  is  clearly 
exposed  in  the  cliflf  of  the  west  wall  of  Shinxmio  Canyon  about  half  a 
mile  above  its  junction  with  Burro  Canyon.  (See  PI.  XV,  B,  p.  64.) 
Every  detail  of  the  wedge  is  revealed  from  its  siunmit,  where  it  is 
tnmcated  by  the  pre-Tonto  unconformity  down  to  its  apex,  a 
vertical  distance  of  1 ,000  feet. 

Where  the  fault  planes  traverse  the  harder  strata  they  are  char- 
acterized by  fault  breccia  and  slickensided  surfaces.  The  breccia 
is  usually  cemented  with  milky  quartz  and  in  nearly  all  such  places 
a  small  amount  of  copper  has  been  deposited,  so  that  the  weathered 
fault  planes  have  a  greenish  stain. 

I  Datton,  C.  E.,  op.  ott.,  ji.  191 
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Ill  Bass  (^anyon  a  sharp  monocKnal  flexure  has  been  formed  in  the 
Unkar  strata  as  a  result  of  a  compressive  force  acting  from  the  south- 
east. This  flexure  runs  northeastward  through  Bass  Canyon,  crossing 
the  Colorado  just  above  the  mouth  of  Hotauta  Canyon.  It  has  long 
been  known  to  visitors  as  the  "Wheeler  fold."  (See  Pis,  XVI,  S, 
and  XM;I,  A.)  Its  throw  is  about  300  feet.  It  is  finely  displayed 
in  cross  section  in  the  waU  of  the  Granite  Goi^e  on  the  north  side  of 
the  Colorado.  Here  the  diorite  that  intrudes  the  Mshnu  schist  has 
been  buckled  and  shoved  into  the  limestones,  shales,  and  jaspers  of 
the  lower  I'nkar  and  the  flexure  is  passing  into  a  thrust  fault. 

All  these  smaller  faidts,  like  the  great  limiting  fault,  are  truncated 
by  the  pri^Toiito  unconformity  (see  PL  I,  sections)  and  wore  likewise 
undoubtiMlly  foriiuMl  by  the  great  crustal  movements  that  uplifted 
the  Algoiikiau  mountains. 

DISPLACKMKNTS    OF   THE    PALEOZOIC    STRATA. 

In  addition  to  the  W(*st  Kaibab  faulted  flexure  a  niunber  of  smaller 
displacements  of  various  tyj)es  are  recorded  in  the  Paleozoic  strata. 

FleTurefi,—  X  iiuml)er  of  very  gentle  flexures  run  northwest- 
southeast  parallel  to  the  strike  of  the  southwestward  warping  of  the 
strata.  AU  dip  southwestward  and  are  hardly  more  than  slight 
swells  ui)on  the  warped  surface.  The  most  prominent  of  these 
flexures  may  he  traced  tlirough  Powell  Plateau,  near  the  head  of 
Walthouhero;  Canyon.  It  rniu^  southeastward  tlirough  the  great 
l)utto  of  Ivrdwjill  linKstonc"  that  stands  })etweon  Ilakatai  and  BuiTo 
canvons.  and  is  (vxactlv  on  tli(^  Ymo  of  strike  of  tlie  Unkar  nionadnock. 
A  similar  s\v<'ll  may  he  dctrcti'd  in  the  strata  Ix^tweeri  Fossil  Moun- 
tain and  Ba^s  ( 'am|>.  Tlioso  swells  avo  in  th(^  zone  of  maximum  south- 
westward  warpinic  luMctoforc  dc^crihod,  an«l  nianv  similar  swells  mav 
he  (hniM'tcd  in  the  (jnadrangl(\ 

FaiiJf.s.  In  tliis  |)art,  as  in  otlior  parts  of  the  (irrand  Canyon,  a 
nnmlx'r  (»f  minor  faults  aro  found  which  liav<^  no  apparent  n»lation 
to  tlic  <rr('at(M*  lines  of  displacement  tliat  bound  the  blocked  plateaus. 
Th(\v  are  haphazard  in  trend,  liavt*  small  throws,  and  most  of  them 
pei-sist  for  ordy  a  few  miles.  Th(*  lon<j:  strai^ijht  ^orge  of  Slate  (Veck 
eoin<-ides  with  a  fauh  <»f  al>out  l-o  HmM.  Another  fault  of  this  ehar- 
ai'ter  runs  throuLrli  I>a^->  Canyon  and  has  <;uid(M[  the  erosion  of  that 
<^or.i;<'.  ll  is  dii-ecll\  nii  the  line  (»f  tlie  Al^i^onkian  displacement 
known  as  the  Wheeler  fold. 

At  least  (wo  disj)Iacemenls  in  the  adjoinhi*;  Bright  Ang(»l  quad- 
i'ani;h'  are  on  ihi^  hue  <>f  Alir<ud<ian  faults,  and  in  each  the  throw  of 
tlie  Paleo/oie  <lisplaeement  revei->es  that  of  the  .AJgonkian  fault. 
Our  nf  these  i>.  the  welJ-kiiown  HriLrht  Anirel  fault,  in  the  eanvon  of 
(iar<l(Mi  Creek;  the  (»lher  is  a  faullcMJ  l!(\\ure  which  runs  south(»ast- 
ward  across  the  <^viiu\nuv^W  m  vW  v^'^^v^rs's  of  Phantom,  Cremation,  and 


A,     NEAR  VIEW  OF  WHEELEB  FOLD  FfiOM  BED  OF  BASS  C 
Photr.g„Dl,  by  M.  W.  C.lKuH. 
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Grapevine  creeks  and  limits  the  mass  of  Algonkian  strata  at  the 
mouth  of  Bright  Angel  Creek  in  the  same  way  that  the  West  Kaibab 
fault  limits  a  similar  mass  in  the  Shinumo  region.  This  displace- 
ment is  the  northwestern  extension  of  the  great  flexure  that  bounds 
the  Coconino  Plateau  on  the  northeast  and  is  known  as  the  Coconino 
fold.  If  to  those  are  added  the  Butte  fault  on  the  line  of  the  East 
Kaibab  monocline  in  the  Visluiu  quadrangle  it  becomes  apparent 
that  the  reopening  of  a  line  of  displacement  after  the  lapse  of  a  very 
long  time  is  common  in  the  Grand  Canyon  district. 

The  faults  in  the  Grand  Canyon  have  exerted  a  marked  influence 
on  the  topography,  as  thoy  form  lines  of  weakness  which,  imder  the 
searching  action  of  erosion,  have  determined  the  location  of  side 
gorges,  such  as  the  lateral  gorge  of  the  Muav-Flint  canyon  and  the 
gorges  between  Sagittarius  Ridge  and  Point  Sublime,  on  the  line  of 
the  West  Kaibab  fault.  North  of  the  Muav  Saddle,  beyond  the 
boundary  of  the  quadrangle,  a  similar  lateral  gorge  in  the  line  of  the 
same  fault  runs  northward  entirely  across  the  head  of  Tapeats  Amphi- 
theater, at  right  angles  to  the  main  course  of  Tapeats  Creek,  the  mas- 
ter stream.  Examples  of  the  same  phenomenon  in  the  Bright  Angel 
quadrangle  are  the  canyons  of  Monument,  Honi,  Garden,  Bright 
Angel,  Phantom,  and  Cremation  creeks  and  the  upper  part  of  the 
canyon  of  Grapevine  Creek.  Among  other  examples  in  the  Vishnu 
quadrangle  are  Red  Canyon,  the  canyon  of  Vishnu  Creek,  and  the 
gorges  in  the  line  of  the  Butte  fault. 

Lines  of  fracture  without  displacement. — In  addition  to  the  faults 
the  lines  of  fracture  in  the  Sliinumo  quadrangle  (and  presumably  in 
other  parts  of  the  canyon)  have  exerted  a  marked  influence  on  the 
topography,  although  their  importance  has  not  been  recognized  in 
the  Uterature  of  the  Grand  Canyon.  In  tracing  many  of  the  side 
gorges  of  the  Grand  Canyon  to  the  walls  at  their  heads  the  writer 
foxmd  in  the  Paleozoic  strata  lines  of  shattering  that  were  directly 
on  the  main  axes  of  the  gorges.  These  lines  of  fracture  can  not  be 
classed  as  faults,  for  they  exhibit  no  appreciable  throw,  yet  along  each 
of  them  a  sufficient  amount  of  shattering  has  taken  place  to  consti- 
tute a  line  of  weakness,  which  has  guided  the  erosion  of  the  gorge.* 
Tlie  peculiar  arrangement  of  the  drainage  lines  of  the  Shinumo 
Ainphitheator,  heretofore  described,  affords  a  striking  example  of  this 
phenomenon,  for  Merlin  Abyss  and  the  similar  ])arallel  lateral  gorge 
that  crosses  the  anipluthoater  between  Jjancelot  Point  and  Elaine 
Castle  lie  along  linos  of  fracture,  and  many  other  examples  occur  in 
the  quadrangle. 

Many  of  the  buttes  and  temples  in  the  Grand  Canyon  owe  their 
isolation  to  lines  of  fractur(\     Elaine  Castle  is  a  good  example,  and 

1  Mr.  Francois  Malthas,  of  tlie  (ioolOKical  Survey,  iiiarlo  an  oxtonsive  study  of  thme  fracture  lines  in  tht 
Kaibab  division  several  years  ago  and  reached  the  same  oonclusions  as  to  their  slgniflcanoe.— Qre>l<»\ae' 
munlcation. 
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anotl^er  is  the  great  butte,  capped  by  sandstone  of  the  Supai  formar 
tion,  which  forms  the  north  arm  of  Monadnock  Amphitheater. 
Among  other  examples  are  Explorers  Monument,  at  the  south  end  of 
Marcos  Terrace,  and  Castor,  Pollux,  Diana,  and  Vesta  temples,  along 
the  rim  of  the  Coconino  Plateau. 

GEOIiOGIC  HISTORT. 

THB  SBDOCENTA&T  ANI>  BROSIOHAI^  BECOBD. 

The  earliest  decipherable  record  of  the  geologic  history  of  the 
Shinumo  quadrangle — a  blurred  and  mangled  record — ^is  found  in  the 
Vishnu  schist.  Far  back  in  geologic  time  a  thick  series  of  more  or 
less  arkose  sands  and  muds  was  accumulating  upon  the  subsiding 
floor  of  a  great  mediterranean  sea.  So  much  may  be  reasonably 
inferred  from  the  mineralogic  character  of  the  quartz-mica  and  quartz- 
hornblende  schists  of  the  Vishnu  formation.  So  dim  and  vague  is 
the  record  that  the  base  of  the  series,  the  floor  upon  which  it  was  laid 
down,  its  thickness,  and  the  location  of  the  land  mass  from  which 
it  was  derived  must  perhaps  remain  forever  unknown.  After  a  long 
period,  in  which  sediments  were  accumulated  and  buried,  a  moun- 
tain-making movement  wrote  its  story  across  the  older  manuscript 
in  a  later  and  bolder  hand,  blurring  the  ancient  chronicle  with  a 
record  of  deep-seated  regional  metamorphism  and  imparting  to  the 
manuscript  the  aspect  of  a  palimpsest.  The  regional  metamorphism 
is  conceived  to  have  been  brought  about  by  deep  burial  of  the  sedi- 
ments and  by  their  subsequent  folding  and  compression,  which  in 
slow  process  of  time  en<i:raved  upon  them  the  characters  of  recrys- 
tallization  and  schistosity  and  were  accompanied  by  their  elevation 
into  loftv  mountains.  Somewhat  later  the  cores  of  these  mountains 
were  penetrated  and  their  summits  were  farther  uplifted  by  intrusions 
of  great  masses  of  igneous  rock,  here  becoming  quartz  diorite,  the 
injection  of  which  was  followed  by  injections  of  magma  of  pegmatite. 
Doubtless  while  tliis  mountain-making  movement  was  still  in  progress 
the  forces  of  denudation  were  already  at  work,  beginning  a  cycle  of 
widespread  erosion,  which  was  carried  through  to  a  remote  end  and 
which  planed  away  the  ancient  mountains  to  their  bases  and  reduced 
hard  and  soft  rocks  alike  to  a  flat,  unbroken  plain.  This  ancient 
surface  is  represented  by  the  unconformity  at  the  base  of  the  I'nkar 
group  and  marked  the  final  cycle  of  this  great  unknowTi  and  imnamed 
eon  of  Archean  time. 

The  next  c^vent  is  the  beginning  of  another  great  cycle  of  sedi- 
mentation, wliicli  resulted  in  the  deposition  of  the  Grand  Canyon 
series,  of  Al^ronkian  aj^e.  This  cvcle  was  ushered  in  by  the  invasion 
of  tlie  land  by  a  shallow  sea.  which  swept  over  the  featureless  surface 
of  the  Vishnu  })lain. 
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The  Hotauta  conglomerate,  at  the  base  of  the  Unkar  group,  was  the 
first  formation  deposited  in  this  sea  and  was  made  from  Uie  m^jMe 
of  loose  rock  and  soil  that  covered  the  surface  of  the  plain.  The 
lithology  of  the  formation  is  a  possible  clue  '^^he  climate  of  that 
time.  Its  lack  of  chemical  weathering,  locally  siown  by  the  freshness 
and  the  arkose  nature  of  its  component  fragments  and  the  red  color 
of  its  matrix,  indicating  a  lack  of  vegetation  and  of  abundant  moisture 
to  decompose  the  soil  and  to  reduce  the  iron  which  imparts  to  it  its 
red  color,  point,  to  an  arid  climate.  It  is  therefore  possible  that  the 
Vishnu  plain  was  a  vast  desert  at  the  incoming  of  the  sea.  The  lack 
of  transportation,  sorting,  and  rounding  of  pebbles  in  the  Shinumo 
r^on  indicates  that  the  waves  had  little  chance  to  rework  the 
soil  mantle.  It  seems  impossible  to  account  for  these  phenomena 
except  by  supposing  a  sudden  invasion  of  the  sea  across  the  Vishnu 
plain.  If  we  seek  to  interpret  the  past  in  the  light  of  the  present  our 
only  means  of  gaining  an  understanding  of  the  conditions  that  then 
existed  is  to  try  to  picture  some  present  condition  on  the  earth  which 
is  comparable  with  that  preserved  in  the  geologic  record.  A  possible 
due  may  he  in  the  present  conditions  about  the  Caspian  Sea,  where 
there  is  a  desert  that  lies  below  the  present  level  of  the  Black  Sea,  so 
that  a  sudden  rise  in  the  level  of  the  ocean  might  cause  that  sea  to 
overflow  the  low  barrier  which  separates  it  from  the  Caspian  and 
suddenly  inundate  the  desert. 

The  succeeding  Bass  limestone  was  deposited  in  a  permanent  body 
of  water  into  wiiich  mud  was  frequently  washed.  The  section  of 
this  formation  shows  that  the  alternations  in  the  character  of  its 
beds  are  ahnost  innumerable.  The  exact  cause  of  these  alternations 
Is  imknown  and  is  still  a  subject  of  specidation.  Possibly  they  were 
due  to  climatic  oscillation,  for  a  change  from  an  arid  to  a  semiarid 
climate  would  load  the  rivers  with  sediment  and  arid  intervals  would 
retard  their  flow  or  dry  them  up  entirely,  residting  in  a  temporary 
clarifying  of  the  sea  and  the  deposition  of  limestone.  Whether  these 
limestones  were  formed  by  organic  agencies  or  by  purely  chemical 
precipitation  is  also  a  matter  of  specidation,  as  the  rocks  contain  no 
traces  of  life.  The  water  was  probably  for  the  most  part  shallow,  for 
sun  cracks  appear  in  the  shales  in  the  upper  part  of  the  member  below 
the  highest  limestone  stratum.  , 

The  most  striking  feature  of  the  Hakatai  shale  is  the  great 
abundance  of  sun  cracks  in  the  shaly  strata  and  of  ripple  marks  and 
of  cross  bedding  in  the  sandstones.  Resoarch  by  Prof.  Joseph  Barrell 
has  shown  that  extensive  sun  cracking  is  most  likely  to  be  preserved 
on  broad  flood  plains  or  deltas  in  an  arid  climate.*     In  the  opinion  of 

I  BarreU,  Joseph,  Relative  geolofrteal  importance  of  continental  littoral  and  marine  sedimentation: 
Jour.  Oeol.,  vol.  14,  pp.  524-568, 1906. 
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the  writer  of  the  preaeut  report  the  extreme  abundance  of  thcise 
crocks  in  the  fitrraaticm  is  hard  to  account  for  except  by  postulating 
wido  dt'lta  flats  df  flood  plains.  Furthermore,  tlie  bright/-red  color 
of  the  shaly  stratft,  taken  in  connection  with  the  mud  cracks,  seems 
to  boBpeak  an  arid  climate,  with  little  or  no  vegetation  to  reduce  the 
iron.  It  la  certain  that  the  Hakatal  shale  waa  depoait«d  in  very 
Bhallow  water,  wliich  often  evaporated  entirely,  leaving  broad  mud 
fiats  exposed  to  a  hot  aun.  In  the  upper  part  of  the  formation,  aa 
may  be  seen  from  the  section,  the  alternations  of  shale  and  sandstone 
aro  notably  regular.  The  sandstone  layers  are  composed  of  fine, 
cleanly  sorted,  and  rounded  quartz,  grains  and  are  ripple  markml  and 
cross  bedded,  and  the  shales  were  a  fine  red  mud.  The  cleanness  of 
tile  sandstone  in  this  alternating  series  is  probably  a  mark  of  climatic 
oscillation.  A  climatic  movement  toward  a  wetter  climate,  if  increas- 
ing the  ratio  of  nm-off  to  erosion,  causes  the  rivers  to  flow  on  a  lower 
grade  and  to  sweep  actaward  the  piedmont  deposits  of  sand  and  gravel, 
and  aa  the  clay  was  largely  sorted  from  those  deposits  when  they 
were  first  laid  down,  their  redistribution  and  their  secondary  sorting 
on  a  delta  surface  or  sea  bottom  would  b©  marked  by  extreme 
cleanness. 

Groat  thickness,  clean  sorting,  and  extreme  fineness  and  roundness 
of  grain  are  the  characters  that  distinguish  the  Shinumo  quartzite, 
which  is  composed  entirely  of  sandstones  and  (juartzites.  Most  of 
the  beds  show  cross  bedding  and  ripple  marks,  bespeaking  shallow 
water.  Clean  sorting  and  extreme  fineness  indicate  long  transporta- 
tion, so  the  rivers  that  carried  this  material  to  tlie  sea  may  have 
flowed  through  a  great  desert  of  dune  sands,  picking  up  and  carrying 
material  such  as  is  to-day  deposited  in  the  delta  of  the  Indus  from  a 
ainular  source.  Scattered  lenses  of  fine  conglomerate  within  some  of 
the  strata  suggest  scoured  and  filled  stream  channels. 

The  Dox  sandstone,  again,  bears  all  the  marks  of  shallow-water 
origin;  it  is  throughout  characterized  by  mud  cracks,  ripple  marks, 
and  cross  bedding.  Tlie  addition  of  micaceous  material  and  of  some 
feldspar  gives  a  slightly  arkoso  character  to  the  rocks;  so  possibly  a 
crustal  movement  rejuvenated  the  land  mass  that  supplied  the 
sediments.  Here,  again,  are  marks  of  aridity,  seen  in  the  vennilioii 
color  and  the  vast  development  of  mud  cracks. 

In  the  Shin\imo  <|uadrangle  all  subsequent  Unkar  and  Chuar 
deposits  have  been  removed  by  the  truncation  of  the  pre-Cambrian 
structure  by  the  plane  of  the  base-leveled  surface  of  erosion  beneath 
the  Tapeats  sandstone.  In  the  Vishnu  quadrangle,  where  these 
subsequent  deposits  are  preserved,  they  also  bear  evidence  of  deposi- 
tion in  shallow  water.  It  is  not  unlikely  that  a  considerable  portion 
of  the  Grand  Canyon  series  was  deposited  in  deltas  or  in  the  flood 
plains  of  rivers.     The  evidence  obtainable  from  the  Unkar  group  in 
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the  Shinumo  region  iBcLicates  that  an  arid  climate  prevailed  at  least 
during  the  greater  part  of  Unkar  time. 

The  predominance  of  clastic  sediments  in  the  part  of  Walcott's 
section  in  the  Vishnu  quadrangle  that  corresponds  to  the  Bass  lime- 
stone in  the  Shinumo  quadrangle  suggests  that  the  Vishnu  region  was 
nearer  the  shore  line  of  the  early  shallow  sea.  The  close  corre- 
spondence in  the  lithology  of  the  succeeding  formations  in  both  r^ons 
indicates  uniform  conditions  of  deposition  over  at  least  the  distance 
between  these  quadrangles. 

The  next  event  that  can  be  deciphered  in  the  geologic  record  in 
the  Shinumo  quadrangle  is  the  invasion  of  the  Unkar  strata  by  sheets 
of  diabase.  If  these  invasions  are  to  be  regarded  as  contemporaneous 
¥dth  the  lava  £[ows  of  the  Vishnu  quadrangle,  they  must  have  taken 
place  before  the  deposition  of  the  Chuar  strata,  which  are  assumed  to 
have  once  overlaiu  the  Unkar  group  in  the  Shinumo  region. 

After  at  least  12,000  feet  of  Unkar  and  Chuar  strata  had  acciunu- 
lated,  a  mountain-making  movement  of  block  faulting  and  tilting, 
accompanied  or  succeeded  by  elevation,  broke  the  Algonkian  strata 
into  great  crustal  blocks,  which  must  have  formed  high  ranges  of 
mountains.  Doubtless  these  mountains  were  in  character  and  aspect 
at  one  time  not  unlike  the  faulted  ranges  of  the  Great  Basin  or  the 
desert  ranges  of  Arizona  and  California  at  the  present  day. 

Then  began  a  second  long  period  of  erosion  that  gnawed  slowly  but 
surely  into  these  faulted  mountains,  reducing  them  in  slow  process  of 
time  through  stages  of  youth,  maturity,  and  old  age,  and  finally 
eating  down  into  the  Archean  rocks  beneath  and  planing  away  all 
but  the  stimips  of  the  faidted  mountains,  leaving  the  broad  expanse 
of  a  base-leveled  surface.  This  surface  is  the  spectacular  uncon- 
formity at  the  base  of  the  Paleozoic.  The  renmants  of  the  tilted  and 
faulted  Algonkian  strata  were  left  inset  as  wedges  in  this  plain  of 
Archean  rocks.  The  monotony  of  the  surface  was  broken  here  and 
there  by  a  monadnock  of  Shinumo  quartzite,  which  resisted  the  forces 
of  erosion  in  that  ancient  plain  by  the  same  adamantine  hardness  by 
virtue  of  which  these  strata  to-day  wall  in  the  deep  box  canyon  of  the 
Shinimio.  These  monadnocks  of  the  Cambrian  plain  may  be  com- 
pared with  the  Baraboo  ridges  of  Huronian  quartzite,  which  by 
virtue  of  their  homogeneity  and  hardness  still  stand  as  prominences 
that  have  weathered  repeated  cycles  of  erosion.  This  cycle  of  erosion 
was  probably  not  completed  until  Cambrian  time. 

The  next  notable  event  in  the  region  is  the  sinking  of  the  plain  and 
the  incoming  of  the  Tonto  sea,  which  probably  spread  over  a  surface 
that  strongly  resembled  the  present  surface  of  the  great  Laurentian 
peneplain  of  Canada,  with  its  broad  areas  of  crystalline  rocks,  in 
which  are  inset  occasional  blocks  of  sedimentary  strata,  and  above 
which  stand  scattered  monadnocks  of  quartzite. 
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The  Tapeats  sandstone  is  a  deposit  formed  on  the  beach  of  the 
invading  sea.  When  the  sea  came  in  over  the  ancient  plain  the 
mantle  of  rock  waste  that  covered  the  surface  was  gromid  and  re- 
worked by  the  waves  until  only  its  most  durable  particles  remained, 
making  a  quartz  sand.  The  conglomerates  in  the  basal  part  of  the 
formation  represent  the  coarse  shingle  of  the  beach,  worn  and  rounded 
by  the  pounding  of  the  waves;  the  grits  and  sandstones  are  the  shift- 
ing sands  along  the  ancient  shore.  The  monadnocks  of  Shinumo 
quartzite  stood  as  islands  in  the  sea.  The  striking  record  of  marine 
planation  revealed  in  the  cliff  faces  of  these  monadnocks  has  already 
been  described.. 

After  the  deposition  of  the  Tapeats  sandstone,  quantities  of  mici^ 
ceous  sand  were  washed  into  the  gradually  deepening  sea.  These 
sands  formed  the  Bright  Angel  shale.  Twice  during  this  epoch  the 
sea  became  locally  clear  and  the  layers  of  the  so-called  ''Sni^flfy  lime- 
stone'' were  deposited.  The  highest  islands  of  quartzite  of  the  Unkar 
group  were  finally  buried  by  the  uppermost  sands  of  the  Bright 
Angel  shale.  The  fossils  found  in  the  Bright  Angel  shale  are  the 
first  clear  evidence  of  life  in  the  Paleozoic  sea;  the  fauna  of  Middle 
Cambrian  ^e  which  they  represent  belongs  far  down  in  the  scale  of 
the  world's  life  history. 

After  the  deposition  of  the  Bright  Angel  shale  the  sea  became 
clearer  and  the  Muav  limestone  was  laid  down.  Small  quantities  of 
mud  were  still  being  washed  into  the  sea,  imparting  to  the  limestone 
its  mottled  appearance. 

Then  followed  an  interval  in  regard  to  which  the  record  is  nearly 
silent — a  period  lasting  through  Silurian  and  Devonian  time.  During 
the  first  part  of  that  period  the  sea  retreated  and  the  upper  part  of 
the  Muav  limestone  was  exposed  to  erosion,  probably  as  a  low-lying 
land.  During  the  Devonian  period  the  sea  came  in  over  this  land 
and  deposited  material  that  formed  sandstone  and  limestone.  Again 
the  land  was  gently  uplifted  without  deformation  and  was  subjected 
to  erosion  which  removed  nearly  all  the  Devonian  strata  except  those 
that  lay  in  depressions  in  the  Muav  limestone.  So  much  may  be 
learned  from  the  study  of  the  imconformity  at  the  base  of  the  Red- 
wall  limestone  in  the  Grand  Canyon  region. 

The  next  recorded  event,  coming  in  early  Carboniferous  (Missis- 
sippian)  time,  is  a  submei^ence  in  a  sea  that  first  received  deposits 
of  material  that  formed  sandstone  and  limestone  but  rapidly  became 
clear,  depositing  material  that  formed  the  massive  Redwall  limestone. 
The  purity  of  this  limestone  is  evidence  of  the  clearness  of  the  waters, 
and  the  presence  of  large  cup  corals  indicates  that  the  sea  was  warm. 

After  the  deposition  of  the  Redwall  limestone  the  sea  became  very 
shallow,  and  into  it  large  quantities  of  sand  and  mud  were  alternately 
washed.     These  sands  and  muds  are  the  alternating  red  shales  and 
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sandstones  of  the  Supai  formation^  the  lowest  of  the  Aubrey  group 
of  strata.  In  some  parts  of  the  Grand  Canyon  re^on  the  sea  was 
clearer  and  layers  of  limestone  are  there  interbedded  with  the  shales 
and  sandstones  of  the  lower  part  of  the  formation.  A  fauna  of 
late  Carboniferous  (Pennsylvanian)  age  lived  in  that  clearer  por- 
tion of  the  sea.  It  is  probable  that  the  pebbles  of  the  limestone 
conglomerate  in  the  sandstone  division  of  the  Supai  formation  of  the 
Shinumo  r^on  were  derived  from  these  limestones  by  erosion. 

The  origin  of  the  overlying  Coconino  sandstone  is  an  interesting 
problem.  A  counterpart  of  this  formation  in  the  Plateau  province  is 
the  great  sandstone  50  miles  north  of  the  Shinumo  quadrangle,  in  the 
terraces  of  southern  Utah,  to  which  Huntington  and  (joldthwait 
have  given  the  name  Colob  sandstone.  The  origin  of  this  sandstone 
is  discussed  by  Huntington  and  Goldthwait  as  follows:  ^ 

The  white  sandstone  is  cross-bedded  on  a  scale  so  large  that  a  single  layer  attains  a 
thickness  of  from  5  to  50  feet.  ♦  ♦  ♦  Everywhere  the  deposit  consists  of  uniformly 
fine  white  sand  without  a  trace  of  pebbles  or  coarser  sand  so  far  as  has  yet  been  ob- 
served. The  uniformity  of  texture  is  emphasized  by  the  total  lack  of  ripple  marks, 
which,  as  Comish  has  shown,  result  from  the  mixture  of  sand  grains  of  different  sizes. 
That  such  a  formation  could  be  due  to  marine  or  lacustrine  action  of  any  kind  seems 
contrary  to  what  we  know  of  such  agencies.  It  is  generally  recognized  that  cross> 
bedding  of  a  marked  tyx>e  is  a  proof  that  the  deposits  were  formed  close  to  the  shore 
or  on  land.  The  uniform  thickness  of  the  Colob  sandstone  over  so  great  an  extent 
renders  it  antecedently  improbable  that  it  is  a  shore  dex>osit;  the  total  absence  of 
ripple  marks,  rill  marks,  and  other  characteristic  shore  features  lends  support  to  this, 
and  lastly  the  perfect  smoothness  and  horizontality  of  the  planes  which  truncate  the 
tops  of  the  strata  render  this  still  more  improbable.  *  *  *  The  same  facts  of 
structure,  together  with  the  total  absence  of  gravel,  of  fossil  stream  beds,  and  of  lateral 
unconformities  render  it  equally  improbable  that  the  Colob  was  deposited  by  fluviatille 
processes.  The  only  remaining  possible  agent  is  the  wind.  We  can  not  yet  be  cer- 
tain that  the  Colob  sandstone  is  a  wind  formation;  nevertheless  none  of  its  character- 
istics seem  to  oppose  such  an  hypothesis.  The  uniformity  and  Oneness  of  the  com- 
ponent quartz  grains,  the  steepness  of  the  cross  bedding,  its  general  uniformity  with 
interesting  minor  variations,  the  even  truncation  of  the  successive  cross-bedded  strata, 
and  the  tangency  of  the  overlying  layers  to  the  plane  surface  thus  formed  suggest  a 
series  of  great  white  dunes  marching  forward  to  the  east  and  south  from  the  base  of  the 
Basin  Range  Mountains.  *  *  *  It  seems  to  be  a  fair  question  whether  the  cross- 
bedded  strata  of  the  Eanab  and  Colob  formations  may  not  be  continental  deposits  laid 
down  by  the  wind. 

The  Coconino  sandstone  differs  little,  except  by  its  lesser  thickness, 
from  the  sandstone  just  described,  and  many  beds  of  sandstone  in 
the  underiying  Supai  formation  resemble  the  Coconino  sandstone, 
but  are  still  smaller.  It  seems  probable  that  whatever  may  have 
been  the  origin  of  these  sandstones  it  must  have  been  analogous  to 
that  of  the  sandstone  of  southern  Utah  described  by  Hxmtington  and 
Goldthwait.  If  their  interpretation  is  correct  the  region  must  have 
become  land  during  the  deposition  of  the  Coconino  sandstone  and  at 

1  Huntington,  Ellsworth,  and  Goldthwait,  J.  W.,  The  Hurricane  fault  in  the  Toquervilledistrict^ntah:. 
Haryard  Mus.  Comp.  Zool.  Bull  42,  geog.  ser.,  vol.  6,  No.  5,  pp.  7XK  ^\^^,y^!ifi^., 
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intervals  during  the  deposition  of  the  Supai  formation,  and  the  sand- 
stones represent  deposits  of  dune  sand. 

Again  the  sea  invaded  the  land  and  laid  down  the  sandy,  calcareous 
sediments  forming  the  base  of  the  Kaibab  limestone.  Tlie  clarifying 
of  the  sea  rcsulU»d  in  the  deposition  of  the  pure  and  richly  fossilifer- 
ous  limestones  in  the  upper  part  of  the  formation.  The  fossils  rep- 
resent the  typical  fauna  of  the  western  sea  in  Pennsylvanian  time, 
life  was  easy,  for  the  forms  are  fat  and  well  nourished,  as  well  as  ex- 
ceedingly abundant.  Tlie  waters  were  probably  shallow  and  warm 
as  well  as  clear,  for  the  rocks  deposited  in  them  contain  great  quanti- 
ties of  bryozoa,  which  possibly  even  formed  reefs,  and  with  the 
bryozoa  are  mingled  the  remains  of  ochinoids,  corals,  crinoids,  brach- 
iopods,  gasteropods,  and  sponges. 

So  much  of  the  ^eolo^ie  history  may  be  read  from  the  actual  rock 
record  in  the  Shinunio  quadrangle. 

One  who  looks  across  the  broad  plateaus  on  either  side  of  the  Grand 
Canyon  finds  it  diflicult  to  realize  that  the  deposition  of  strata  did  not 
end  with  that  of  the  Kaibab  hinestone,  upon  which  he  stands,  but  the 
cliffs  and  terraces  that  rise  to  higher  and  higher  levels  along  the 
northern  border  of  the  Grand  Canyon  district,  as  well  as  Echo  Cliffs, 
on  its  eastern  border,  represent  the  eroded  edges  of  strata  that  were 
once  deposited  horizonttdly  bed  upon  bed  upon  the  Kaibab  limestone 
and  that  once  extended  continuously  across  the  whole  region  where 
the' Grand  Can  von  lies/  At  the  base  of  the  cliffs  on  the  north  lie 
strata  of  the  l^'^nuaIl  cjxx  h,  coniplelin*::  the  record  of  the  Carbonif- 
erous and  also  of  the  l^aleozoic;  al)ove  lie  strata  of  Mesozcac  age — 
Triassic,  Jurassic,  and  Cretaceous.  The  hi<;hest  beds  belonjr  at  the 
l)ase  of  the  Tcrtiarv. 

iVfter  the  (le])osition  of  the  Kaihal)  hinestone,  the  accumulation  of 
the  Mesozoic  and  Tertiary  strata  W(Mit  on  quieth'  and  almost  con- 
tinuously. Th(»  ])resen('e  of  occasional  unconformities  of  erosion  with- 
out unc(>nforniity  of  di]>  shows  tliat  whatever  u])Ufts  occurred  were 
unattended  l)y  horizontal  deformation.  The  strata  were  deposite<l 
''with  almost  riirorous  liorizontalit  v."-  Rv  the  end  of  Mesozoic  time 
these  strata  had  nccinnulated  to  a  tliickness  considerably  irreater  than 
that  of  the  entire  PaI(»ozoic  section  of  tlie  canyon  wall. 

During  the  early  ]>Mrt  of  the  'I'ertiary  ]>eriod,  after  tlie  accHUiiulation 
of  6,000  feet  or  nion*  of  strutM,  d(»])o^ite(l  bed  after  bed  above  the 
Kaibab  limestone,  tlu^dniiid  Canyon  (hstrict  he^an  to  he  uplifted  hi^h 
above  the  sin'roimdin<r  coimtrv.  and  a  period  of  erosion  was  be<rini 
which  has  lasted  to  the  present  day.  This  erosion  was  not  continuous; 
there  were  ])aus(»s  in  tlu^  uplift  of  tlie  n\irion,  din'in<r  which  the  forces 
of  erosion  worked  fur  alon;^  townrd  ])r(Klucin*:  a  mature  topo<ri*aphy: 

»  Dutton,  C.  K.,  op.  fit.,  pp.  ol  «*tse<i.  «  Dutton.  C.  E.,i(Jem. 
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then  again  the  country  would  rise  and  the  attack  be  renewed  more 
vigorously.  Out  of  aU  these  vicissitudes  of  uplift  and  erosion  two 
major  cycles  stand  clearly  forth,  and  the  result  of  the  work  in  each  is 
stupendous. 

The  work  of  the  earlier  ana  greater  cycle  is  known  as  the  **  great 
denudation."  As  a  result  of  the  erosion  in  this  period  nearly  all  the 
6,000  feet  of  Mesozoic  and  basal  Tertiary  strata  was  removed  from 
the  surface  of  the  Grand  Canyon  district,  their  edges  retreating  to  a 
line  60  miles  north  of  the  Sliinumo  quadrangle,  to  the  cliffs  along  the 
border  of  Utah.  Toward  the  end  of  the  great  denudation  the  surface 
of  the  region  was  reduced  to  a  base-level  of  erosion.  Fragments  of 
this  peneplain  are  i)reserved  ])eneath  the  San  Francisco  Moimtaius, 
Red  Butte,  and  the  hills  of  the  Uinkaret  Plateau  by  floods  of  lava  that 
were  poured  out  upon  the  plain  during  the  last  stages  of  its  fonnation. 
This  resistant  lava  has  protected  the  underlying  strata  from  subse- 
quent erosion. 

The  work  of  the  second  and  lesser  cycle  is  the  cutting  of  the  Grand 
Canyon  by  Colorado  River  and  the  removal  of  whatever  remnants  of 
soft  strata  were  left  upon  the  surface  of  the  plateaus  at  the  end  of  the 
great  denudation.  Tliis  cycle,  wliich  is  still  in  progress,  is  known  as 
the  ''canyon  cycle"  of  erosion. 

The  course  of  Colorado  River  across  the  region  became  established 
before  the  begiiming  of  the  upUft  whicli  began  the  canyon  cycle  of 
erosion.  As  the  land  rose  the  river  entrenched  itself  in  its  original 
coiu^e,  continuing  to  cut  deeper  and  deeper.  The  present  stage  of 
the  valley  is  the  Grand  Canyon,  which  is  thus  wholly'  a  product  of 
erosion.  It  has  been  excavated  by  Colorado  River  and  is  deep, 
because  the  land  is  high  and  because  in  tliis  arid  region  the  rivcT,  fed 
by  the  snows  of  the  Rocky  Mountains,  has  cut  do\vn  its  bed  much 
faster  than  the  erosion  due  to  strictly  local  agencies  could  lower  the 
adjacent  i>lateau.  Tlie  walLs  liave  retreated  slowly  in  comparison 
with  those  of  most  valleys,  because  tlie  strata  that  determined  them 
are  unusually  massive  and  because  the  forces  that  attacked  them 
have  been  comparatively  weak  and  have  worked  in  the  way  charac- 
teristic of  arid  regions. 

By  far  the  most  impressive  feature  of  this  wonderful  country,  to 
the  traveler  and  the  geologist  alike,  is  the  mile-deep  i)athway  of  the 
Colorado  River  of  the  West  across  the*  great  jJatoaus.  The  stupen- 
dous and  glaring  record  of  erosion  revealed  in  the  cutting  of  this 
mighty  gorge  luis  almost  1)hn(l(»d  us  to  the  ijuniensity  of  the  Viistly 
greater  record  revealed  in  its  walls  (PL  XVIIl),  but  the  erosion  of 
the  canyon  1)e(romcs  only  an  episode  in  the  geologic  liistory  of  the  re- 
gion in  comparison  \v'ith  th(^  story  told  by  tlie  two  intersecting  uncon- 
formities in  the  bottom  of  the  gorge.     These  unconformities  represent 
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two  ancient  cycles  of  sedimentation,  upUft,  and  erosion  carried  to  a 
remote  end,  separated  by  long  intervals  of  time  whose  record  is  hope- 
lessly lost,  residting  twice  in  the  planing  down  of  lofty  moimtain 
ranges  to  their  very  cores,  written  vaguely  at  jBrst  on  a  blurred  and 
time-worn  record  and  later  in  an  increasingly  clearer  and  bolder 
hand,  telling  of  the  slow  accumulation  of  the  strata  of  the  canyon 
wall  on  the  floor  of  the  Paleozoic  sea,  of  the  subsequently  erased  record 
of  the  accimiulation  of  vast  thicknesses  of  Mesozoic  and  Tertiary 
strata,  at  times  separated  by  great  intervals  of  erosion,  and  even 
telling  of  the  ''great  denudation,"  which  has  stripped  these  later 
strata  back  50  miles  to  the  terraces  of  Utah — all  these  events  repre- 
senting a  lapse  of  time  which  compared  with  that  consumed  in  the 
cutting  of  the  Grand  Canyon  is  but  as  the  passing  of  a  siunmer  after- 
noon compared  to  the  procession  of  a  season;  for  in  the  light  of  present 
knowledge  according  to  the  fossil  record,  it  may  be  sidd  that  the 
Grand  Canyon  was  all  cut  since  man  has  inhabited  the  earth. 

THE   PLATEAU  PROBLEM. 

Since  the  history  of  the  region  from  early  Tertiary  to  the  present 
time  is  entirely  a  record  of  uplift  and  erosion,  that  record  should  be 
interpreted  wholly  by  means  of  the  science  of  physiography.  The 
salient  events,  as  outlined  above,  were  established  beyond  a  doubt 
by  the  work  of  Dutton  and  Powell.  The  science  of  physiography, 
however,  has  grown  remarkably  since  the  work  of  these  pioneer 
observers  was  done. 

In  1900,  1901,  and  1902  the  region  was  visited  by  Davis,*  whose 
studies  confirmed  the  broader  conclusions  of  Dutton,  but  brought 
to  light  evidence  that  the  liistory  of  erosion  in  the  region  is  far  more 
complex  than  was  formerly  supposed. 

It  was  shown  that  the  great  denudation  was  complicated  by  re- 
peated movements  of  uplift,  after  each  of  which  erosion  may  have 
reached  an  advanced  stage. 

It  was  discovered  that  the  great  displacements  of  the  region  began 
at  an  earUer  date  than  was  formerly  supposed.  The  absolute  ante- 
cedence of  the  Colorado  River  to  the  displacements,  regarded  by 
Dutton  and  Powell  as  proved,  is  therefore  open  to  question. 

It  was  made  clear  that  the  exact  dates  of  the  various  events  of  the 
Tertiary  and  recent  liistory  are  still  unknown. 

It  was  shown  that  these  problems  can  be  solved  only  by  a  great 
amoxmt  of  further  detailed  observation,  not  only  in  the  Grand  Can- 
yon district  but  in  tlie  neighboring  regions. 

Since  the  work  of  Davis,  parts  of  the  region  have  been  studied  in 
detail  by  Robinson,  Huntington  and  Goldthwait,  and  Johnson,*  and 

1  See  Bibliography,  p.  14. 
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many  data  bearing  on  these  problems  have  been  accumulated. 
Owing  to  the  vastness  and  inaccessibility  of  the  region  a  great  amount 
of  work  of  this  kind  still  remains  to  be  done. 

The  detailed  interpretation  of  this  complex  erosional  history  has 
become  known  as  ''the  plateau  problem." 

The  most  absorbing  question  of  the  plateau  problem  is  that  which 
concerns  the  date  and  the  method  of  the  establishment  of  the  course 
of  the  Colorado  River  across  the  region.  Two  theories  have  been 
entertained. 

The  earlier  theory  is  found  in  the  writings  of  Dutton  and  Powell. 
These  observers  found  that  the  general  course  of  the  river  lies  across 
the  great  lines  of  displacement  that  bound  the  blocked  plateaus  and 
were  led  to  the  conclusion  that  the  course  of  the  river  was  established 
before  the  first  movements  along  the  lines  of  displacement  occurred. 
As  the  displacements  came  into  existence  the  river  continued  to  cut 
down  in  its  original  channel  faster  than  they  rose  across  its  path. 
It  was  thought  that  the  displacements  did  not  begin  until  the  end 
of  the  great  denudation. 

An  alternate  theory  has  been  advanced  by  Davis  and  supported 
by  Robinson,  Huntington,  and  Johnson.  The  work  of  these  men 
brought  to  light  evidence  that  the  first  movements  along  the  lines 
of  displacement  had  begun  early  in  the  period  of  the  great  denudation; 
that  the  peneplain  developed  in  the  later  part  of  this  period  repre- 
sented a  stage  of  erosion  so  far  advanced  that  hard  and  soft  rocks 
alike  were  reduced  to  a  nearly  even  level  and  the  initial  relief  pro- 
duced by  the  displacements  was  almost  effaced.  The  drainage 
system  of  the  Colorado  first  became  established  upon  this  peneplain, 
the  configuration  of  the  surface  of  that  time  guiding  the  course  of 
the  river.  The  fact  that  the  reUcf  produced  by  the  displacements 
was  largely  effaced  in  the  peneplain  would  account  for  the  course 
of  the  river  across  them. 

In  order  to  confirm  this  later  theory  that  the  Colorado  is  a  super- 
posed stream  let  down  from  the  surface  of  an  ancient  peneplain 
it  is  necessary  to  restore  in  imagination  the  topography  of  the 
region  as  it  existed  in  the  later  stages  of  the  peneplain — that  is, 
the  topography  to  which  the  ancestral  drainage  system  of  the 
Colorado  adjusted  itself,  and  this  restoration  can  be  made  only  by 
carefid  detailed  study.  A  study  of  the  structural  irregularities 
that  date  back  to  the  time  of  the  great  denudation  may  afford  a 
partial  restoration  of  the  ancient  topography.  Even  the  smallest 
folds  or  faults  may  have  influenced  the  adjustment  of  the  drainage 
by  exposing  strata  of  unequal  resistance.  Since  practically  aU  the 
Permian  and  higher  strata  that  may  have  affected  this  adjustment 
of  the  drainage  have  been  removed  by  erosion,  it  is  obvious  that 
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these  structural  irregularities  are  open  to  study  only  in  the  Paleoz 
rocks  of  the  present  plateau  surface.  The  writer  of  this  report  belie' 
that  such  detailed  study  may  show  that  the  course  of  Colorado  Ri^ 
between  Kanab  Creek  and  the  Little  (/olorado,  at  least,  is  related  to  lii 
of  structure.  Davis*  has  shown  that  such  a  relation  probably  exi 
in   the  Kaibab  division  immediately  west  of   the  Little  Colora^ 

If  similar  speculation  concoming  the  Bright  Angel  and  Shinu 
quadrangles  is  undertaken,  it  seems  significant  that  the  northweste 
course  of  the  river  is  ])arallel  to  the  strike  of  tlie  northcastwa 
dipping  flexures  of  the  Coconino  fold  and  of  the  West  Kaibab  f ai 
The  great  loop  of  the  river  around  PoweU  Plateau  is  a  local  dcfl 
tion  from  this  general  northwesterl}'^  course  and  it  is  of  interest 
note  that  just  beyond  the  boundary  of  the  quadrangle,  west  of  1 
end  of  Alarcon  Terrace,  there  is  a  faulted  flexure  which  trends  nor 
east-southwest  and  resembles  on  a  smaller  scale  the  Wc^t  Kail 
faulted  flexure  in  Muav  Canyon.  The  river  apparently  flowed  wc 
ward  until  it  encountered  this  displacement,  and  its  course  was  tl 
deflected  toward  the  north  and  northeast,  possibh^  following  a  b 
of  weak  Permian  rocks  on  the  thrown  side  of  the  displacemc 
Doubtless  the  river  was  held  up  for  a  time  at  this  displacement,  a 
the  loop  around  Marcos  Terrace  may  represent  a  meander,  sub 
quently  entrenched,  which  dates  back  to  that  time. 

It  is  now  thought  that  the  greater  lines  of  displa<5ement  of  i 
Grand  Canyon  district  were  blocked  out  in  the  first  broad  uplift  tl 
started  the  erosion  known  as  the  gi-cat  denudation.  More  and  im 
evidence  has  been  found  of  movements  that  have  taken  jJacc  alo 
these  lines  at  intervals  throughout  all  succeeding  time.  Each  si 
cessive  faulting  is  correlated  with  a  fresh  u])lift  and  a  revival  of  1 
forces  of  erosion,  necessitating  the  recognition  of  more  and  m< 
cycles  in  the  erosional  histor}^  of  the  region. 

An  interesting  feature  of  these  displacements  is  then*  location  up 
ancient  lines  of  displacement  in  the  basement  rocks.  This  coin 
dence  is  the  rule  in  the  Kaibab  division,  as  has  been  sho>vii  in  t 
bulletin,  and  it  therefore  seems  probable  that  it  ap]>lies  to  otl 
faults  in  the  district  whose  ])rolongation  into  the  basement  rocks  v 
not  be  studied.  The  history  of  the  displacements  thus  has  its  b(*g 
ning  in  the  mountain-making  movements  of  Algonkian  time. 

The  datuig  of  the  numerous  events  of  the  complex  erosional  histc 
in  geologic  time  is  the  most  difficult  riddle  of  the  plateau  proljh^ 
A  discussion  of  tliis  subject  has  no  place  in  the  present  n^port,  iov  t 
Shinumo  quadrangle  affords  no  evidence  whatever  concenuntr 
A  brief  outlin(»,  however,  will  show  how  com])lex  the  interprotati 
has  become  sinco  the  publication  of  Dutton's  monograph. 

U)avl8,  W.  M.,  An  excursion  to  the  Grand  Canyon  of  the  Colorado:  Harvard  T^niv.  M>is.  ("onip.  y 
Bull.  38,  geol,  ser.,  vol.  fj,  No.  4,  pp.  ^4-1^,  1910. 
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A  summary  of  the  Tertiary  history  as  worked  out  by  Dutton  is  as 
follows: 

I.  The  period  of  great  denudation,  lasting  until  the  close  of  the  Miorene. 

II.  Uplift  by  folding  (?)  and  faulting  at  close  of  Miocene. 

III.  Canyon  cycle  of  erosion: 

(a)  Cutting  of  outer  gorge  of  Grand  (-anyon  during  (lie  Pliocene. 

(6)  Uplift  by  faulting  at  close  of  Plio<*ene. 

(c)  Cutting  of  inner  gorge  of  the  canyon  during  the  Quaternary. 

The  following  summary,  given  by  Robinson  *  in  a  recent  publican 
tion,  is  the  most  recently  published  interpretation  of  the  Tertiary 
history.  The  dates  of  the  events  arc  assigned  tentatively  by  that 
writer: 

I.  Period  of  folding  and  flexing  during  the  later  half  or  at  the  close  uf  the  Eocene. 

II.  Erosion  period  during  the  Mbcene. 

III.  First  period  of  faulting  at  close  of  the  Miocene.  A  })eriod  of  extensive  faulting. 
It  is  correlated  with  the  faulting  that  gave  rise  to  the  Basin  Ranges  of  southern  Nevada 
as  tilted  block  mountains. 

IV.  The  peneplain  cycle  of  erosion  during  the  Pliocene.  The  Miocene  and  Pliocene 
erorion,  which  are  considered  as  constituting  the  later  and  greater  part  of  the  period 
of  the  great  denudation,  closed  with  the  widespread  development  of  a  peneplain. 
This  is  correlated  with  the  mature  topography  and  local  peneplains  of  the  Basin  Range 
country  of  southern  Nevada  and  of  Arizona.  Relief  produced  by  previous  faulting 
(III)  largely  and  at  some  localities  entirely  obliterated .  Widespread  volcanic  activity, 
marked  by  the  eruption  of  basalt,  occurred  shortly  after  the  development  of  the  pene- 
plain and  most  probably  while  the  region  still  stood  close  to  sea  level. 

V.  The  second  period  of  faulting  at  the  close  of  the  Pliocene.  Movements  probably 
of  less  magnitude  than  those  of  the  first  and  third  periods. 

VI.  The  post-peneplain  cycle  of  erosion  during  the  first  part  of  the  Quaternary. 
Widespread  stripping  of  Permian  and  Triassic  strata  and  development  of  a  mating 
topography  of  low  relief,  principally  on  the  upper  Aubrey  limestone,  at  a  horizon 
ranging  from  zero  to  1,000  feet  below  the  level  of  the  peneplain.  Further  retreat  of 
the.  high  cliffs  on  the  north  and  east  sides  of  the  district,  l^and  stood  at  no  great 
height  above  the  sea. 

VII.  The  third  peritKl  of  faulting,  with  broad  regional  uplift,  during  the  middle  or 
latter  part  of  the  Quaternary.  Region  raLsed  from  4,000  to  6,000  feet  above  the  position 
it  occupied  at  the  close  of  the  post-poneplain  cycle  of  erosion. 

VIII.  The  canyon  cycle  of  erosion  during  the  latter  part  of  the  Quaternary.  Marked 
by  the  development  of  a  canyon  system  of  drainage  of  extreme  youthfulnoss.  Refresh- 
ing of  cliff  profiles.  Erosion  otherwise  very  slight.  Colder  atmospheric  conditions 
prevailed  during  part  of  this  cycle,  at  least  as  indicated  by  the  existence  of  a  small 
glacier  on  San  Francifl<*o  Mountain. 

SCENIC  INTEREST  OP  THE  SHINUMO  QUADRANGLE. 

« 

The  views  from  the  northern  wall  of  the  Grand  Canyon  in  the 
Shiniimo  quadrangle  have  long  been  famous  through  the  descriptions 
of  Dutton.^  The  most  celebrated  outlook  is  Point  Sublime,  the 
promontory  that  forms  the  eastern  arm  of  the  Sliinumo  Amphi- 

i  RobinsoD,  H.  H.,  A  Dew  erwdon  cycle  iii  the  Cirand  Canyon  district,  Arizona:  Jour.  Geology,  vol.  18, 
No.  8  (Nov.-Dec.,  1910),  pp.  7«i3fl.  . 

•Tertiary  history  of  the  Grand  Canyon  district:  IJ.  S.  Geol.  Sur\'ey  Mon.  2,  chapA.  s  ami  j,  1.^x2. 
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theater.  The  view  from  this  point  is  the  subject  of  the  three  m\ 
nificent  panoramic  drawinj^s  by  Hohnes  which  illustrate  that  part 
Button's  monograph  that  is  devoted  to  the  scenery  of  the  canyi 

A  scarcely  less  comprehensive  view  may  be  obtained  from  Ha^ 
supai  Point  (PL  VII,  B,  p.  22),  on  the  south  side  of  the  canyon.  1 
view  within  the  canyon  itself  from  this  point  is  even  more  extens 
than  that  from  Point  Sublime,  directly  across  the  canyon.  Po 
SubUme,  however,  like  all  points  on  the  northern  rim  in  the  Kail 
division,  has  the  advantage  of  greater  altitude,  which  extends  1 
outlook  far  over  and  bey^ond  the  southern  rim  of  the  canyon. 

By  far  the  most  interesting  scenic  ground  in  the  quadrangle  is  Po\n 
Plateau  (PL  IV,  A,  p.  18),  on  the  north  side  of  the  canyon,  accessi 
by  trail  from  the  Muav  Saddle.  The  scenic  advantage  possessed 
this  great  butte  is  duo  to  its  pecuUar  situation  with  reference  to  1 
course  of  the  Grand  Canyon  and  to  its  great  altitude.  As  it  1 
almost  m  the  middle  of  the  canyon,  just  at  the  elbow  of  the  gn 
bend  where  the  general  course  of  the  river  changes  from  northwest 
southwest,  directions  maintained  m  either  direction  for  over  60  mil 
the  views  from  the  north  and  south  ends  of  the  high  eastern  porti 
conunand  a  greater  stretch  of  the  interior  of  the  canyon  than  can 
seen  from  any  other  place  in  the  region.  And  since  this  eastern  p 
tion  of  the  plateau  is  higher  than  any  land  in  the  quadrangle  outs; 
of  the  Kaibab,  it  is  possible  to  obtain  from  these  two  places  an  oi 
look  in  every  direction  except  to  the  northeast  over  an  expanse 
country  extending  nearly  a  hundred  miles  to  the  horizon  and  inch 
ing  the  greater  part  of  the  Grand  Canyon  district. 

The  outlook  from  Dutton  Point,  at  the  south  end  of  Powell  Plate 
includes  the  entire  Kaibab  division  of  tlic  canyon,  seen  along  1 
very  center  of  the  pathway  of  the  river.  Below,  on  the  northea 
is  Muav  Canyon,  where  tlie  consequences  of  the  West  Kaibab  fa 
are  clearly  revealed.  Directly  below,  to  the  east,  in  the  int<^rior 
the  canyon,  is  the  wedge  of  ITnkar  strata  about  the  mouth  of  1 
Shinumo.  To  the  south,  in  the  canyon,  the  to])ograpliy  of  the*  w 
is  changing  from  east  to  west,  the  Esplanade  appearing  and  t 
Tonto  platfonn  fading  gradually.  Beyond  the  southern  wall  t 
Coconino  Plateau  slopes  away  from  the  canyon  rim,  merging  gradua 
into  the  broad  expanse  of  the  San  Francisco  Plateau,  upon  wh< 
surface  the  San  Francisco  Mountain  volcanic  grouj)  is  in  full  vie 
80  to  100  mil(\s  away. 

The  north  end  of  Pow(»ll  Plateau  lies  just  beyond  the  northc 
border  of  the  map.  II(Me  the  outlook  is  still  more  extended.  To  1 
southwest  the  canyon  is  visible  through  the  Kanab  division  for 
miles;  bey<md  are  the  white  outer  waUs  of  the  outer  canyon  in  1 
Uinkaret  and  Shivwits  plati^ius.  South  of  the  canyon  the  w^ 
Ftancisco  Plateau  stretches  far  away  into  central  Arizona;  across 
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may  be  seen  the  walls  of  Cataract  Canyon.  North  of  the  Grand 
Canyon  lies  the  surface  of  the  Kanab  Plateau,  broken  only  by  the 
goi^  of  Kanab  Creek;  along  the  western  border  of  the  Kanab 
Plateau,  beyond  the  mouth  of  Toroweap  Valley,  rise  the  mountains 
of  the  Uinkaret,  a  group  of  lava  flows  and  recent  cinder  cones  domi- 
nated by  Mount  Trumbull;  many  of  the  cinder  cones  are  clearly 
Tisible.  Along  the  northern  border  of  the  Kanab  are  the  cliffs  and 
terraces  of  Mesozoic  strata,  beginning  with  the  VermiUion  Chffs, 
composed  of  Triassic  strata,  and  receding  stop  by  step  to  Pink  Cliffs, 
which  are  composed  of  Tertiary  strata.  To  the  northwest  the 
promontories  of  Vermillion  Cliffs  fade  below  the  horizon  100  miles 

away. 

In  the  foregroimd,  directly  below,  is  Tapeats  Amphitheater,  an 
expanse  of  Esplanade  12  miles  across,  trenched  by  the  single  gorge 
of  Tapeats  Creek  and  by  two  arms  of  the  great  lateral  gorge  which 
runs  northward  from  Muav  Saddle  across  the  head  of  the  Amphi- 
theater in  the  line  of  the  West  Kaibab  fault.  Along  Colorado  River 
above  the  mouth  of  Tapeats  Creek  may  be  seen  the  mass  of  Unkar 
strata  which  lies  in  the  Lower  Granite  Gorge  and  represents  the 
prolongation,  of  the  Shinumo  wedge  northwestward  imdemeath 
Powell  Plateau. 

To  the  geologist  these  two  views  from  Powell  Plateau  are  encyclo- 
pedic. The  rocks  that  are  visible  represent  in  turn  a  portion  of  every 
great  geologic  age,  and  the  stratigraphic  position  of  each  system  of 
rock  is  apparent  at  a  glance.  Every  great  earth-making  process  is 
illustrated;  sedimentation  by  a  thickness  of  over  16,000  feet  of 
unaltered  strata  reaching  from  Algonkian  to  Tertiary;  regional 
metamorphism  by  the  Archean  rocks;  contact  metamorphism  by 
certain  Unkar  strata;  vulcanism  by  deep-seated  invasions  in  the 
Archean,  by  intrusive  sheets  in  the  Unkar  strata,  and  by  surface 
eruptions  in  the  San  Francisco  Mountains  and  the  hiUs  of  the  Uinkaret 
Plateau;  deformation  by  the  mashed  and  crumpled  Archean  rocks, 
by  the  faulted  Algonkian  rocks,  and  by  the  great  displacements  that 
traverse  the  Paleozoic  strata.  Perhaps  the  most  impressive  record  of 
all  is  that  of  the  processes  of  uplift  and  erosion — the  ancient  cycles 
denoted  by  the  unconformities  that  separate  the  systems  of  rock; 
the  later  cycles  by  the  removal  of  vast  thicknesses  of  strata  and  the 
production  of  the  surface  of  the  region  in  its  present  aspect. 

The  panorama  is  probably  the  most  complete  geologic  revelation 
in  the  world. 

COPPER  DEPOSITS   OF  THE  SHINUMO   QUADRANGLE. 

Occurrence. — With  one  exception  aU  the  copper  deposits  in  the 
quadrangle  are  found  in  the  Archean  and  Algonkian  rocks  in  the 
depths  of  the  canyon. 


I 
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History, — The  discovery  and  exploration  of  the  deposits  is  the  w< 
of  Mr.  W.  W.  Bass  and  Mr.  John  Walthenberg.  A  lai^e  amount 
prospecting  has  been  done  and  claims  have  been  located  in  Cop] 
Canyon,  Bass  Canyon,  Granite  Gorge  near  Cable  Crossing,  Shinu 
Canyon  between  White  Creek  and  Flint  Creek,  along  the  line  of  i 
West  Kaibab  fault,  and  on  Muav  Saddle. 

The  most  valuable  bodies  of  ore  so  far  found  are  in  Copper  Cany 
from  which  about  25  tons  of  ore  were  taken  in  1908.  The  ore  \ 
carried  to  the  rim  of  the  Grand  Canyon  on  burros,  and  hauled  thei 
20  miles  by  wagon  to  Grand  Canyon,  a  station  on  the  Grand  Canj 
Railway,  of  the  Santa  Fe  system.  Some  exploratory  work  has  bi 
done  at  the  other  localities,  but  so  far  no  attempt  has  been  made 
take  out  ore  for  shipment. 

Geology, — The  claim  in  the  Muav  Saddle  is  the  only  one  in  1 
Paleozoic  rocks.  It  is  just  at  the  point  where  the  trail  up  Mi: 
Canyon  enters  the  saddle,  at  an  elevation  of  6,700  feet.  Some  cop] 
mineralization  occurs  along  the  c^)ntact  of  the  Supai  formation  s 
Coconino  sandstone,  whore  the  beds  arc  shattennl  by  the  W 
Kaibab  fault,  and  this  mineralized  zone  is  now  being  explored  by 
open  cut.  The  copper  here  is  doubtless  of  the  same  age  and  origin 
that  of  the  deposits  fomid  on  the  surface  of  Kaibab  and  Cocon 
plateaus  in  other  parts  of  the  Grand  Canyon  district. 

The  deposits  in  Copper  Canyon  are,  in  method  of  occurrence,  a  1 
type  of  all  the  deposits  in  the  Archean  and  ^Ugonkian  rocks  in 
quadrangle.     As  they  are  the  only  ones  now  accessible  to  undergrou 
study  a  description  of  them  wiU  also  serve  in  a  general  way  for  th 
at  the  other  localities. 

The  country  rock  of  the  interior  of  Copper  Canyon  beneath 
Paleozoic  is  the  Vishnu  schist,  of  the  -^Vrchean  system.  At  the  end 
the  great  pre-Cambrian  erosion  the  basal  strata  of  the  Unkar  grc 
of  the  Algonkian  extended  part  way  across  the  Granite  Goi^e 
Copper  Canyon,  terminating  there  as  the  apex  of  the  Algonkian  wed 
Only  a  few  layers  of  these  strata  in  that  locality,  however,  hi 
escaped  the  present  cycle  of  erosion.  These  lie  high  up  under 
cliff  of  Tapeats  sandstone,  in  the  eastern  wall  of  the  Granite  Gorge 
Copper  Canyon. 

The  ore  bodies  in  Copper  Canyon  aU  lie  in  the  rocks  of  the  \\A 
schist  which  in  this  locahty  are  quartz-mica  schists  and  pegmatii 
The  ores  are  found  in  two  main  veins,  which  mU  be  described. 

The  outcrop  of  the  first  vein  runs  northwestward  across  the  (irar 
Gorge  of  Copper  Canyon.  The  vein  is  almost  vertical,  dipp 
slightly  south  westward.  On  the  east  side  of  the  creek,  at  the  bott 
of  the  canyon,  a  tunnel  has  been  driven  in  southwestward  for  o 
100  feet  along  the  strike  of  the  vein.  This  tunnel  is  about  half  a  b 
from  Colorado  River,  at  an  elevation  of  about  2,800  feet.     A  verti 
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shaft  has  also  been  sunk  50  feet  on  the  vein  which  it  followed  down 
the  dip  from  the  surface  outcrop.  This  shaft  intersects  the  tunnel 
at  a  point  15  feet  below  the  surface  of  the  ground  and  25  feet  from  the 
mouth  of  the  tunnel.  All  the  ore  that  has  been  taken  from  Copper 
Canyon  for  shipmei^t  has  come  from  these  workings. 

The  ore  minerals  of  the  vein  in  this  locahty  are  cuprite,  bomite,  and 
chalcocite.  The  first  two  minerals  make  by  far  the  greater  propor- 
tion of  the  ore  mined.  The  chalcocite  has  come  from  the  most  recent 
workings  at  the  bottom  of  the  shaft.  The  gangue  of  the  vein  is 
chiefly  brecciated  mica  schist  cemented  by  nulky  quartz  and  some 
calcite.  The  vein  shows  the  usual  pinches  and  swells,  and  averages 
about  1  to  2  feet  in  width.  The  minerals  on  the  outcrop  of  the  vein 
are  considerably  weathered,  making  incrustations  of  malachite  and 
green  silicate  of  copper. 

The  second  vein  crosses  the  creek  bed  a  few  hundred  feet  north  of 
the  first  vein.  Its  strike  is  nearly  east  and  west  and  its  dip  is  about 
60*^  N.  About  200  feet  above  the  level  of  the  bed  of  the  creek  where 
it  is  crossed  by  the  vein  a  timnel,  known  as  the  Hakataia  tunnel,  has 
been  driven  westward  along  the  strike  of  the  vein  for  75  feet.  The 
vein  at  the  tunnel  in  about  a  foot  wide.  The  ore  minerals  taken  from 
the  tunnel  include  cuprite,  bomite,  chalcopyrite,  and  argentiferous 
galena.  The  gangue  is  quartz.  Near  the  surface  the  ores  are  leached 
of  their  values  by  weathering  but  grow  richer  underground. 

The  two  veins  converge  toward  the  west  in  the  western  wall  of 
Copper  Canyon.  Their  inclined  dip  would  also  cause  them  to  con- 
verge upward  on  the  eastern  side  of  the  canyon,  but  this  part  of  their 
apex  has  been  removed  by  erosion. 

The  second  vein  was  traced  upward  in  the  eastern  wall  of  Copper 
Canyon  to  the  base  of  the  Unkar  strata  and  was  found  to  be  on  the 
prolongation  downward  into  the  Archean  rocks  of  one  of  the  Algon- 
kian  faults.  It  is  therefore  a  simple  mineralized  fault  fissure.  The 
first  vein  was  similarly  traced  upward  but  was  found  to  be  truncated 
by  the  pre-Tonto  unconformity  just  beyond  the  apex  of  the  Algonkian 
wedge,  so  that  its  relation  to  the  Algonkian  faulting  could  not  be 
positively  determined.  It  represents,  however,  a  filled  fissiu^  pro- 
duced by  a  normal  fault  of  small  throw,  the  evidence  of  which  is 
found  in  the  offset  of  certain  pegmatite  veins  that  are  sheared  by  the 
fault.  This  fissiu^  is  doubtless  the  downward  prolongation  of  an 
Algonkian  fault  like  that  on  which  the  other  vein  is  located. 

All  the  other  deposits  in  the  Archean  and  Algonkian  rocks  occur 
either  in  similar  fissure  veins,  which  represent  the  mineralized  fault 
planes  of  normal  Algonkian  faults,  or  in  the  zone  of  shattering  along 
the  line  of  the  Algonkian  displacement  of  the  West  Eaibab  fault. 
All  the  faults  belong  to  the  same  period  of  disturbance,  the  one  in 
which  the  great  mountain-making  movement  came  at  the  end  of 
Algonkian  time. 


n 


96         SHINUMO  QUADBANGLEy  QBAND  CANTON  DISTBICT,  ABIZ. 

Age. — ^The  primary  ore  deposition  undoubtedly  occurred  in 
Algonkian  time,  as  all  the  ore-bearing  fissures  are  truncated  by  the 
unconformity  at  the  base  of  the  Paleozoic. 

Origin. — The  origin  of  the  primary  ore  deposition  is  not  clear.  The 
event  with  which  it  is  obviously  connected  is  the  Algonkian  moimtain- 
making  movement,  but  the  specific  causes  that  set  up  the  circulation 
of  the  mineral-bearing  solutions  are  a  matter  of  speculation.  It  is 
possible  that  some  sort  of  a  genetic  connection  may  have  existed 
between  the  mineral-bearing  solutions  and  the  igneous  activity  mani- 
fested by  intrusions  of  diabase  in  the  Unkar  strata  of  the  Shinumo 
region,  although  it  is  clear  that  the  intrusions  in  this  locality  were 
earlier  than  the  faulting  that  gave  rise  to  the  mineral-bearing  fissures. 

Value. — ^The  deposits  in  Copper  Canyon  are  locally  of  high  grade, 
but  not  enough  work  has  been  done  to  give  an  accurate  idea  of  their 
extent  and  quantity. 
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